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ABSTRACT 

This experiment was designed to evaluate the usefulness 
of the California Net Energy System (CNES) for feedlot cattle 
in Alberta in the winter. 

From 24 to 36 steers with an Pree al liveweight between 
243 and 368 kg and of Hereford breeding were fed, individually 
Or in pairs, an all-concentrate diet or a diet containing 
25% wheat straw in each of two winter and two summer feeding 
periods during 1973, 1974 and 1975. The steers were offered 
the all-concentrate diet at one of three or four different 
feeding levels between 1.1 times maintenance and ad libitum. 
The diet containing wheat straw was fed at a level of approx- 
imately 1.4 times maintenance. 

The steers fed all-concentrate diets gained more weight 
than predicted by the CNES in three of the four feeding 
periods (P<0.05) even though the actual energy gains were less 
(P<0.01) than predicted during two of these periods. This 
indicated that the steers tended to deposit proportionately 
less fat than expected for animals of this liveweight. Season 
did not have any consistent effect on the difference between 
predicted and actual gains. 

The efficiency of use of digestible energy for gain for 
steers fed the all-concentrate diet was 32 and 27% for the 
two winter periods whereas the efficiency was 37 and 42% for 
the two summer periods. It was thus concluded that the 
efficiencies with which steers utilized energy intake in 


excess of maintenance was not constant as assumed in the CNES. 
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It could not, however, be concluded that this efficiency 
was reduced in a cold environment since the summer-fed steers 
deposited more of their energy as fat than winter-fed steers. 

The efficiency of energy retention in liveweight gain 
(Y) was significantly (P<0.05) related to the percentage of 
energy retained as fat (X), according to the equation: 

Vee Oe See On XG —04.90)). 0 Tots) suggests at hatener energy 
for gain (NEg) values for feedstuffs are dependent on the 
type of depot tissue formed and thus upon the physiological 
age of the animal and the feeding level. 

Results obtained in this study did not show any evidence 
that maintenance energy requirements for feedlot cattle are 
increased under Alberta winter conditions. These estimates, 
however, were obtained by extrapolation from results with 
steers fed above maintenance. Such animals would be expected 
to be affected By a cold environment to a lesser extent than 
cattle fed at maintenance. 

No significant decreases in rates of gain, feed 
efficiencies, or energy retention due to feeding straw as 
compared to an all-concentrate ration was detected in any of 


the feeding periods. 


7. 1 


~o ae on 
nae “ig? rr eee a pam. 


7 we iy nae aioe aan abate ‘retest btw ® » oh 


an Lats today ‘iL! @22 KR yen ‘etpr eabacric 


Se 
oe ? dtaskth a i ets > (RES POS eR eS re th < ml pas we © “ 


0 


be epeetaxee ek bse | Ly (MGn4p. ytomedt igus ete a 


" 7 
ns ea 2 t>4 gee’ 4 4a" 6h Benita? cuveie 


tee Sime pete) , oUt a @ ENSOEe 
VR a : : 
psi , ' Sua °% weiter (pat) niap Fae 
; eas 
aser elie aq Switz | ’ iocl? Stget So au 
i - =’ ) 2 Gridhe sol ait) Se om 
j = 
atau yy , : ‘ ial iid OF dareel 
- gé ' 7 
. es f 4 ) aur al? 
ay ; > 
ret 146 4 pig ae’ ere. Ds) ci ff aes ut 
~ rT? a 
F j 4] i! i é iG eala tee} @ Tem al 
me 
sans : ‘ i Rods #348 od od 
= : 


i — 
i 
ty Tin gf Bak ® s . é eee ¢ Ww! © wy i 
7 


ny!) Oa: 


ACKNOWLEDGEMENTS 

Iewouldes tkKeetorexpress my thanks to Dr. Re Ts Berg, 
Chairman of the Department of Animal Science and to the 
former Chairman, Drs l.P. Milligan, "for placing the facil— 
ities of the department at my disposal. 

Peover vas eatery ecOemnyesibpervyit SOn mr. is .N Macon Lson, 
Assistant Professor of Animal Nutrition, for his guidance 
and encouragement throughout my course of study and research 
and for his assistance in the preparation of this thesis. 

I am also grateful to Dr. R.J. Christopherson for his helpful 
suggestions. 

My thanks to Dr. R.T. Hardin for his assistance in 
statistical analysis and to Miss Wendy Beaton for typing 
the thesis. 

The assistance of the staff at Ellerslie and at the 
Metabolic Research Unit was appreciated. In particular I 
wish to acknowledge the assistance of Mr. H.E. "Al" Aberdeen 
in caring for the steers and Mr. Jack Francis for his help 
fauGInCGmLeNeOmOIgGes LL DL iaityeLoid ls. eChnicdlmsass! Stance on 
Terry and Mirjana Fenton is gratefully acknowledged. 

My deepest gratitude to my father, brothers and sisters 
for. the sacrifices they have endured and the encouragement 
they have always given me in my studies. 

Financial support for the study provided by the National 
Research Council of Canada is gratefully acknowledged. Employ- 
MenPaWwiLene DGD eRe eCclLandinin and= Dr ALR. ROobDDlee foc spart 


of the time during the study was sincerely appreciated and 


mo. 
~ : 


x 


aero a per we 
tebe ich Ge de prteiongel: Gate) Ber 
yantdoe .6.> . 1 reaver i n¢ (Obey Ginw ee 2D a +. 


- 


7 


Swailiiun ‘Bist WA fe Lae) sdk Leman yaad oa 
Hovesees ‘O84. (hire Se ee em Yor ail Rebate 2 siyign euro a 

sa baaile RANE VO “et dcpnnIe ait, oo erteetaeer ie 9 hee 
Site an GLE 902 Var Cd Te. TD. Ves oo WIV Fe iMepiwy “pe th tes 


ee a 


7) Sdnedeiwes Abii 2h4 rein och, | eh es ND Ye. - 

pring sl aptoaue' Vhudte wa ’ s° F. 9h: eer etn fool tataaia 
= eat aay 

ans 56. Gap wisi li> ao Tiage OAs 16 sanelyee ant 7 a. 


finfadeean A Serel®eni@i van 3) Ht) Gesdweos “i fedada 
rebed), AW i) -aM Biv eemtetuth St) Sahelian a8 asad 
Sai ela Ge Wier) Noy. 32 Ane aod) Ge aon or ky a We 
$e de ie) vam diegiatcet: .5fels4 (foi sab eepet tt Ge 
veorewlvouNgs ¢liitalesivach ovinw\ ennai sinh Bee oxver ; 

FIWMHS Bon (eta tte) YR ind ebGti Var leageeh OF - 
rehome veils wlnn del balan nee Ya? ou.) ine alias A. 
ae: yin. on nile wyewle ermety wis 


is hereby acknowledged with gratitude. 

Finally, I would like to thank and express my apprecia- 
tion to all of the members of the department and my friends 
who have helped to make my time in Edmonton a rewarding 


experience. 


J _ i oe 
npdigie"sipeanpte 
| } NO dae eke 7 
minima a 


ENERO DE ET EON Seer t ne es et nen ce eee ce 


1 


TABLE OF CONTENTS 


LITERATURE REVIEW 
Vel Necaslorva netyenergy systemen=.. 2s : 
WeceGalmrornytasietwenerqye system «|. 25s ss 
1.2.1 Estimation of net energy content 
OE eEeCeds CULES am. a. Mok a re (ene es 
1.2.2 Net energy requirements of animals . 


1.3 Problems with the California net energy 


Speers, cy ok. « 
Le Seva Laney aor 
1.332 ASsocrvative 
Viet inky Ox 
maintenance 


Se 4eNueriretonal 


specific gravity technique 
effects of feedstuffs .. 
assuming a constant 

Fequirement r=. =. aes vs |S 


GebrcoLlencress so) on. eee cas 


Pa 


LSS owhiniy Tronten. talwer teCts #. mes etn st sees it. 
Pese5. 1s Betects of a coldsenvironment ‘on 
GEges tOll at eens tse et ec Me ee 
1.3.5.2 Effects of a cold environment on 

metabolic rate and animal 

PErLOrmanice= «+ <i = S$ 2 s < = « 

xe Perce NPS Le meet aromas ate re t's) renee c | te". see i cle 
ZeleODVECtTILVES# "sy. - 


2.2 Experimental design and diets .... .- 


2.3 Description and management of experimental 


animals aK Sehr eee, CUE Mee SA so Fix 


Page 


2 


Les 
15 


18 


18 


Lo 


24 


24 


24 


28 


¢' : a 
a é : ® ® . 4 s >, “eer ’ ’ « wor tials 
7 wiry Wer ReNeLS Te 
=— 
mer gS Futeas swWA, So sa¥ Geet ie 


_ + 
ba? ve y 0am yer & junead ite Le 


te 
+ 
& 
- 


a ita 
j » vesbes yup > so )pwe swe (6.8 a 


a ‘ 
* bd : 


2 : P j ii’ a J 


" r } Far es 


oy hte Sar BereuTt- fo AL j'w apeiiord tha i a 


£ p ' “ays | 
@ : mibingesys v2 A i iMwainy Det. 
a ; oi See ‘ vu inowmead &, £4 
4 rn ; '@ a. 
is *. ® ' i Atm 


ad é e @ Tibe! 7 ty § Ol pile eg ) yer c >is f A 


iw Dipres ifGe fuise’ b 84) @eus! ii C. j 
- 
Fevithe ‘Rian bo (WET LAGE ya ‘ 
: J - ® of : 2 Q ¢ . e e ° : ma Four Ws i 5 tan) ° 


s a s 4 ‘ << a) ) 
oy) Gund 9 


CE AEC ONMen ta Leda ta see ace e mewe camer? hy ome c ince et ey ee 
Zee CeO CLede el Vewelghit. GaJiis ess +) wrens eee 
ZeOmmeCaAbCaSsemeaSurements sa stertecs asucom tem cet ss ton rok. 
2 eevee DOdY  wergnt  andscOmpoOSsd - 710i) aueemcals i. ire nr. 
ROME DIUSestr bility Measurement sm. cr te cete nes 7m! te 
I CUCINLCA BEG AaLy SUSE Mesa uc. «lis incn-s Meemt cen cone sacar 
ZeLUmotet St) Calmana UV SiS einer. el er. Mice eere ree ee Mee le 
RE OU LOm—emeretite Miss ies seit ol lele 6, ers cane me ots ae ae Fn ns Oey 
Jen y LeOnmental. CONCGItLONS am .mremasrcu Mowe cursus 
RecmecCharacleriscci1CSeOr initial slaughtersqroups... 
S)u Sh. V gaveah item bag lere US ee wg. 4 wh eA ee nes RE Rs Or RS ae 
3.4 Apparent digestibility of dietary 
(soluperonoecien Sy eA NON es he oS TS Ae a Be 
3.5 Feedlot Jperformance and carcass data .... . 


3.6 Empty body composition and energy gain ... .- 


3.7 Actual vs predicted liveweight and energy 


aeubetss ples Mas en Cometh grea eV ee ne ee ety hy Arg ee eS 

3.8 Relationship between digestible energy intake 
Sndmlnvewer Gouna) marae: er came. ere 

3.9 Relationship between digestible energy intake 
Nate! (sintevetsiie Cope oe 5 oe ae oS a 

3.10 Estimated maintenance requirements ..... .- 
DES CUS OU Nie ame smtciine ane ms Tati is CIEE OL Wa Ey ee 
Ae ah Une (s¥=jeshepMiliheleGhherst moe oO oO te CoS ca 
Apo eaisetulnesssofmspecitic gravity techniques. a. 


4.3 Actual and predicted rates of gain ..... .- 


Page 


7h) 
no 
30 
30 
31 
33 
34 
35 
a5 
35 


oN 


she) 
41 


44 


48 


48 


DS 
Oe 
57 
a7 
60 


61 


pobssee tra mite yin’ oe 
- Ronan eee, ghididl aephe at 
en a)ce feet lent a 
ctyeteer téotpatwea? Chet 
) eT VERA 
pe = rw su) tfenes” Ler eesti rem) fee 


be page | Tisiinw egal, toe 

‘ sires : Dale tient, xeiad 6.8 
CTATVC HS ta ioe Pagp th jowt KR a4 

7 


BS 2 , bras ; » & > = 
has . 2 2 Oget: Gaeere ees 62a Gree SAD Te 
Pr) aed s he » wi «hot. 62ee) Oa 


Vududs c2) » Ap. et it) Pesplignl) 4 Ghiak SAR 
at ° : = ‘ ; : . : 4.409 
SGAThD gore Hleitengsd aroeted-qienmmieal he “REE 


ss. 7 ee : they, s4gieeret” ban 
eties ‘qa ets UDILIdeg Lb ow (NO,4) eS eh Babe 
oo : 7 
Ae *  . -- sia> ie diga virveen. ear 
_ 


2 oe a lene ae ORE. -s te yet eG 
VE ee ee VORLT IU 6 
JOD Cai 100 eee te 
+ saab Se 


a 


Page 
SAO LE ZACTONROf energy LOLega Unset 0.06 terse ie EOS 
fee Ee Lects, Of wSeason on composition Of gain... 9.0107, 


ASO Eittects of environment on animal 


Derrormancem ar. sr. 


Sa ee de SA 

4.7 Extrapolated maintenance requirements . . .. 69 
SUMMARY AND CONCLUSIONS . 
BIBLIOGRAPHY A ins geo tle ers 


APPENDIX PNA ll ines ie as 


oo Bake 
~ 


- e's — + igen oe 4 
os ree (Wr: on - 
oe Pe Reavhers | 
mo ere © | | | 


~é « > - 4 7 
os & O19 ¢ 8) afogett 
| | ee . - r a L4 Pe | . o 
fie wpe? = | 
. ‘oo ) L Daves es 


Pol OFF TABLES 


Page 

TABLE 
1. Ingredients and composition of experimental 

GUAR Sie. Se. te shee wens Le tate, Biawdee sek: APS. pewter <2 0 
2. Mean, mean maximum and minimum temperatures, 

number of days and degree days the temperature 

was below -20°C and relative humidities during 

ielaicy Meo qefoimabiletaeacc: Wy ay oe eh en Pye ya ne he OA yA 
3. Means and standard errors of liveweight, carcass 


data and empty body parameters for the initial 
ShaugGhterya GLOUDS! P.aecuutcmice well Eomo ay eel ee en = 20 bs) 6 238 


4. Means and standard errors of apparent digest- 
ibilities (%) of dry matter, gross energy, 
crude protein and organic matter of diets at 
Vetied OU Seenemcd NQieleCVielSias, Gclmep toe compel @. eanme 6 cl = ie AC 


5. Means and standard errors of feedlot performance 
data and carcass characteristics of experimental 
Shecrey etsy A “A eee ey as i ae Pe ee Se ey eet ee hs ae 


6. Means and standard errors of empty body 
composition and gain of experimental steers .. 46 


7. Actual minus predicted rates of gain and 
energy Letenctlon=Ol StCCYS t=. 7.llen ©) suiemrse sw eer 49 


8. Linear regressions of liveweight gains 
(g/kg ‘7°/day) on digestible energy intake 
(kcal/kg ‘’°/day) for steers fed all-concentrate 
fg GEST aon. 8 AS Ae rs SpA ey Ue ee ars war eae Ley ee rt Cy 6 


Tere? agee Wont Phew 
4 ° ) ee 


~@ 7 ’ eS 9 


TUL? | Lance 4 sim ioe Ln on 


wait yates ek: TEA Gu apie) dew 
qr ory (ea 3 Lily of ay IM ve See 


BP -.4 ws 4 . 
@#a800/C 4 if $4 Bw 4.4 oe Bono ail ie if i a 
Le« > B ru Te + b 54 a ee Fe eae Pe ve 7 “nee 

ale ab 104, ah « ,; oe 


\ 
~2u JwlD patjan + bed aa 5 
Pa ke wo ayyc- Yo wa su ) GJ 5 } 
5 6 weeks tule ee eho DAA TO 
v2 . , + rery AL 
L534 AT : i yal ce 7 7 : ivy 2 ‘ } 
a kesiriwace U8 mcs Tul eS Lesate TED 


ve Cs e oY, a a. 


| biehanera Js 
er y ig The) a1 | as Oe Pair a Oh ae Z 


Ault ba 8a a‘ ad 3 43-8 at eee ,334°3 cy co. ' f- ' @ @) ee i) 


oo ~~» : i ATHLON Jo MOS ye> © Eee 
bre? 447 eee 1k mi, Ip $hateri S14’ 2iwied } 

cone tone 24it iat ue yt 4 oot yh, u 
eQgAa% J ii' U4 eats a oe eae Ve , ai é Phy t ay 43 __ 


2588 7 
* 


LIST OF FIGURES 


Page 

FIGURE 
1. The relationship between energy gain and 

digestible energy intake during the 1973 summer 

Geedingepe ri Ode, cae tele. a ue tee. ee oie meee 25]: 
2. The relationship between energy gain and 

digestible energy intake during the 1973- 

MWe eligheeee SeevereWibele? jelewenhels) 4 A G GUA En Goes & Hy ete 
3. The relationship between energy gain and 

digestible energy intake for individual steers 

dunming@menes1 974 esummereiecdinge period mm. «. sa. sl ee53 


4. The relationship between energy gain and 
digestible energy intake for individual steers 
during the 1974-1975 winter feeding period... 54 


if tian. ile ‘Res ye qiteinnrnses & s. 
_ i ee tas or la, ce eme efAlye <n 
helen: orehie! imdbe OTe 


se. ; » » 


5 
’ 
cS wwe send od aes WAST SAPs - 


o OA) te yo es | ina) Beha “Woes ® ici ue nelty 
het) cag Wil “edanie' BGs mtd pis ee. ‘ 


Lap Yoo pow iad etehehsades oct 
‘4 itel Sod states abil seepkh 
puthadl garda Stl s+Ro! ee omhweke- 4 


INTRODUCTION 

There has been considerable interest and use recently 
of the California Net Energy System (CNES) which uses net 
energy values for predicting the performance and feed require- 
ments of cattle. It has been argued that heat losses which 
occur during metabolism are accounted for by this system and 
therefore the CNES should be more accurate than the digestible, 
metabolizable or total digestible nutrient energy 
system (Moe and AV ceseewily, | AEs in Knox and 
Handley, 1973). The National Research Council has incorporated 
the net’ energy values from the CNES in its publication on 
beef cattle requirements (NAS-NRC, 1970) and has recently 
adapted the system for use with sheep (NAS-NRC, 1975). 

One potential problem with the application of the 
system to Alberta conditions is the assumption that the 
maintenance energy requirement of cattle in winter is constant. 
Experimental results obtained by Young and Christopherson 
(1974) suggest that this assumption is not valid since main- 
tenance requirements have been increased by 30 to 40% in 
cows exposed to cold. Similar trends were also observed with 
beef steers. Results obtained in feedlots have suggested 
that winter gains are less than summer gains relative to 
those predicted by the CNES (Milligan and Christison, 1974), 
which also indicates that environment may have a marked effect 
on animal requirements. Energy retentions have not been 
measured in feedlot studies howeyer, and it is known that 
liveweight gain is not always a good predictor of energy 
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meeentions (Young, 197.57 Fox; 197.6). 

If cattle do suffer from cold stress in Alberta, then 
the heat which is produced by an animal during eating and 
metabolism of feed may be useful in keeping the animal warm 
(Kromann, 1973; Maynard and Loosli, 1969). Roughages have 
a higher heat increment of feeding than do grains (Blaxter, 
1969), thus the CNES may under-estimate the value of roughages 
relative to grains for winter feeding. 

This experiment was designed to evaluate the usefulness 
of the CNES for feedlot cattle under Alberta conditions and 
involved the measurement of energy retention by steers fed 
an all-concentrate diet at various feeding levels and a diet 
containing 25% straw at one feeding level during two summer 


and two winter feeding periods. 
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LITERATURE REVIEW 

1.1 Need for a net energy system 

Various energy systems have been used to evaluate the 
erenovecontentsotereedsturts and=animalerequirements. “Of 
these re total digestible nutrient (TDN) system has been 
used for the longest period of time in North America. One 
of the primary limitations of this system is that it does 
not account for some of the important energy losses in the 
animal such as the combustible gases, urinary losses and 
most importantly, the heat losses (Maynard and Loosli,1969; 
Crampron, 956-8 Blaxterm,) 1967). 2 eThe samesisetriue off the 
digestible energy system (Maynard and Loosli, 1969). 

Metabolizable energy (ME) values which account for 
gaseous and urinary energy losses are now also used in 
North America. Procedures employed in direct determination 
of ME are considerably more involved (and costly) than for 
the determination of TDN since estimation must be made of 
energy losses in gases and urine in addition to fecal losses. 
Recent estimates assign energy loss due to gaseous products 
of digestion at between 5 and 12% of gross energy (Kromann, 
1973), with methane comprising 40% of the total gases produced 
in the rumen. Problems with the use of the ME system are 
that this system also does not account for heat losses. Also 
the proportion of gross energy lost in the urine and as methane 
decreases with increased feed intake (Blaxter, 1967). Further- 
more, it has been indicated by Blaxter (1969) that methane 


production can also be altered by the quantity and type 
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of feed in the ration. More recently, Kennedy and Milligan 
(1978) have reported a lowered methane production (as a 
percentage of gross energy) in the rumen of sheep exposed 
to cold as compared to sheep kept in the warm. These 
factors would alter ME values of feeds. Because of diffi- 
culties in measuring methane production, actually determined 
ME values are available for few feeds and most ME values 
are calculated from digestible energy values. 

A need for a system other than the TDN or metabolizable 
energy system has been expressed previously (Maynard and 
Loosiis 1969) Crampton) etal, 19573) Garrert Gena lyiloo9 et. 
Flatt (1965) reviewed results from practical feeding 
experiments with dairy cattle and discussed relative merits 
of TDN with other energy systems. It was concluded that the 
TDN system overestimates the productive values of roughages 
and low grade concentrates. Therefore, an estimated net 
energy system was considered more suitable for comparing 
values of forages and concentrates than the TDN system. 
Since a net energy value for a feedstuff refers to the actual 
“amount of energy that the animal would retain if it was 
given a certain weight of the feed, and excludes the energy 
lost in feces, urine, gaseous products of digestion and as 
heat which is produced during the processes of eating, dig- 
esting and metabolizing the feed, it would be expected that 
net energy values would be more useful for predicting animal 


performance than would digestible or metabolizable energy 


values. 
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The California net energy system (CNES) which expressed 
net energy values for growing and finishing feedlot cattle 
was first introduced by Lofgreen (1963 a; b,c)... A more 
detailed complete system was described by Lofgreen and | 
Garrett (1968), separating the requirements for animals into 
two categories: net energy for maintenance (NEm) and net 
energy for gain or production (NEg). The system has gained 
wide acceptance, with the National Research Council first 
incorporating NEm and NEg values in its publication on beef 
cattle requirements (NAS-NRC, 1970). Recently, the system 
has been adapted for use with sheep (NAS-NRC, 1975). 

1.2.1 Estimation of net energy content of feedstuffs 

Liveweight gain as a measure of nutritive value of a 
feed can be misleading because cattle have different amounts 
Obesconacheh UUs (Fox et al) 19/6)" sltswouldsthusibesnore 
accurate to relate estimates of feed values to carcass 
composition and gain. This concept 1s very important 
iene oppl ication: ©on., eche CNES. The net energy 
content of the dietary ingredients in the CNES is determined 
by a comparative slaughter technique which uses the specific 
gravity of the animal carcass to estimate the amount of feed 
energy actually retained as animal product. The method is 
based on the principle that the body is comprised of a fat- 
free body mass of constant gross composition and a variable 
Gusit tyson Lat wielLectively a dilutant)e. | herdensi tysorathe 


fat-free body mass can thus be expected to be constant. Since 
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fat is lighter than water, muscle and bone (specific gravities 
Ofna 2eee 007) 06 eands 1.50, respectively) @(Kraybi14 et al, 
1952) varying proportions of each will ascribe different 
values to body specific gravity. 

In the Lofgreen California system, the body eoneeewion 
is calculated from the specific gravity of one-half of each 
carcass. Under water weights are made upon a chilled car- 
cass (4°C) to minimize errors due to entrapped air. Any 
weight loss during chilling is assumed to be water. The 
weight in air is obtained on the warm carcass. Carcass 


specific gravity is then calculated from the equation: 


SpeCctniCwaravity cee @ Nel ont Ske eee» 


weight in air - weight in water 

The denominator will assume a large value with a 'fatter' 
perence and result in anoverall smaller specific gravity 
value for the carcass, as fat, being lighter than water, 
will cause a decrease in carcass weight in water. 

Animal energy gain throughout the experimental period 
is determined as the difference between the empty body 
energy of an animal at the end of the trial and the calculated 
initial empty body energy of the animal which is obtained 
from information on an initial slaughter group. In this 
procedure, the empty body weight of the slaughtered animals 
is estimated from the equation: Y = 1.36X + 30.26 (Garrett 
and Hinman, 1969), where X = warm carcass weight and Y = 
empty body weight. Also the empty body energy (Mcal/kg) of 


each animal is estimated from the equation Y = 47.480 - 41.886 


(carcassespecifiic gravity). ithe total empty body energy of 


Salk ni Fg weg Stns im mgs | 
eT ne ee a 
ee adtay: ss oe Cane! © Sed EREe godpih catch, eae 


PV erernen? .sae74o stew ats sy Wout! /o) es meq 
pbaritacesey arts re, 2 eek tybiee id tony 


sitar eiiaigie Paes ae tr nt AvE YY, 81S Oe 7 
Viddigeh” » Kile eile west! wl aden Thee 50am ia 
he ee oe ee Lipiesse > Wh Piaget Sree semawad 

‘Sti ies!) 14 tips PAs joes be nek alla Be on teat 
dept : 1g gene *&f weltic ah & sews Dabe 9p 
things Laptavers! io gx val ai ini nice yesyue Lenore a 
Mos yey fh ey o Mag i. doe Sim. wi? oI eo ee 
teens a) ee eo icf toe, S12 08 bewhe) Ge Fe aa 
: a tl sp yie A tsao.) i AL “a ie “eet Cy | 
ir, ey panei 1 ie) Vaile. és nL) 
citi Veet ae 
: 1 . 
: a ty 7 7 a 
Aa? poe oa. 


Poe 


; 


| 


each slaughtered animal is obtained by multiplying the 
respective empty body weight by the empty body energy value. 
Thus the net energy content of a feedstuff is calculated 
from the feed energy actually retained and the amount of 
feed supplied to achieve the gain. | 
1.2.2 Net energy requirements of animals 

Lofgreen (1965), illustrated how net energy values 
were derived in the CNES. The total net energy of a feed 
is commonly expressed as 1) NE = ME - HI, where ME is 
metabolizable energy and HI is heat increment of feeding. 

Total net energy of a given feed intake can also be 
shown as 2) NE = M+ P, where M is the energy expended for 
maintenance and P is the net increase in energy of products 
such as new body tissue, milk, etc. The energy expended for 
maintenance is equal to the basal heat production (B) plus 
the heat of activity (A) thus: 

cpp ue ca ash ee A 

Equations 1 and 2 are equal and thus at a given feed 
Pea kemin tap =n Mie (Hd. 

Bye substituting, for M,.sequationg4 is, obtained: 

4) Bt+At+t P = ME - HI 
Limi cuclear wthererorey, that 
BetenA +4 HL =sMEGaeP 

or 5) HP = ME - P, where HP is total heat production and 


is equal to the sum of basal heat, heat due to activity and 


heat increment. 
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According to the CNES, to measure the NEm requirement 
it is necessary to know the HP of the fasting animal as 
this is the quantity of net energy that must be provided 
to keep the animal in energy equilibrium. HP at zero 
feed intake is estimated by measuring heat production over 
a range of intakes from maintenance to ad libitum. A 
logarithmic equation (log HP = 1.885 + 0.00166 ME) is then 
used to extrapolate to the HP at zero energy intake which 
is the fasting heat production (and at zero feed intake HI 
is zero). A plot of heat production/kg:-’° against ME 
intake/kg-’° has shown that HP of fasting beef cattle is 
between 72 and 82 kcal/kg°’°, being similar for steers and 
heifers (Lofgreen and Garrett, 1968). This gives a mean 
value of 77 kcal/kg-’5. The average NEm requirement for 
cattle is thus considered to be 77 kcal per unit metabolic 
weight (kg-’°) and is used in the National Research Councils' 
recommendation for calculating NEm for beef cattle (NAS-NRC, 
LAU), = 

The net energy required for production (NEg) in the 
CNES has been determined as the gross energy of the products 
formed from consumption of a given amount of the ration 
above maintenance (Lofgreen, 1965 and Lofgreen and Garrett, 
1968), suggesting that each succeeding increment of feed 


above maintenance has a constant NEg. 
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1.3 Problems with California net energy system 
MaoeleeVall arty or sspeci tic gravity technique 


The usefulness of specific gravity or density mea- 
surement in predicting carcass composition has been reviewed 
by Pearson et al, (1968) and results from its application 
were discussed by Garrett (1968). Important in the use of 
specific gravity technique in estimations of carcass comp- 
osition is the assumption that an animal can be divided into 
a two-compartment system of fat and fat-free body mass 
(Kraybill et al, 1952), with the fat-free portion having 
constant composition and hence a relatively constant density. 
Berg and Butterfield (1976), do not consider this assumption 
to be precisely true, but do agree that it is a fairly close 
approximation and produces reasonable estimates of fat and 
fat-free components in carcasses from animals over the range 
of normal slaughter weights. They have, however, reported 
decreases in water concentration and corresponding increases 
in protein and ash in the fat-free body mass of growing 
animals and differences in muscle to bone ratios between 
animals. 

The validity of the specific gravity technique is of 
course dependent upon the accuracy with which it predicts the 
actual chemical composition of the animal. Very high simple 
linear relationships (r = 0.96 or higher) were obtained 
between the chemically determined components of the beef 
carcass and the empty body (ether extract, water, crude protein 


and energy [kcal/g]) and carcass density by the proponents 
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of the CNES (Garrett and Hinman, 1969). Standard errors of 
estimation associated with these correlations were relatively 
Lowe 0F 092 lash) 78202533 4 [fLatly ©20N74% [water] 2640205 
[nitrogen] and +0.06% [energy]) indicating that carcass 
density is a good index of empty body or carcass POTN AE os 
of steers (Garrett and Hinman, 1969). The correlation coef- 
ficient of 0.96 between carcass density and percentage of 
empty body fat was almost identical with 0.956 reported 

by Kraybill et al, (1952). Also interestingly, the carcass 
density was seen to be more highly correlated with empty 

body parameters of ether extract, water, nitrogen and energy 
(kcal/g) than with the same parameters in the carcass. No 
explanation for this was given (Garrett, 1968). Stredwick 
(1972) in a detailed study involving comparisons between 
chemically determined water, fat and protein of bull carcasses 
and the same components calculated from the specific gravity 
measurements of the whole empty body found significant (P<0.01) 
linear correlations between the two procedures and concluded 
that the specific gravity technique gave good estimates of 
chemically determined values. 

In addition to the claim for predictive accuracy, 
the specific gravity technique is supposed to be simple and 
can be easily determined on the commercially dressed carcass 
without incurring any monetary loss since the carcass remains 
intact and unharmed (Berg and Butterfield, 1976; Garrett, 
Ii9G6e)ee" According to Garrett (1968), while the variation 


associated with predicting body or carcass composition from 
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specific gravity or density measurements is too high to be 
very precise in predicting the composition of individual 
carcasses, nevertheless, in experiments where replication 
is possible, the use of specific gravity can be valuable in 
demonstrating differences in Pek. ctornereck esters between groups. 
An additional possible advantage of the specific gravity 
technique is that the results do not seem to depend on the 
wergnteotethe@carcass (Garrett, 196S)— “Thus, 1f specitic 
gravity technique could be demonstrated to be independent of 
sex and breed type also, it could be useful for general 
application to any kind of carcass (Berg and Butterfield, 
EoV/Gy 

There are some problems with the specific gravity 
technique, in relation to CNES, as discussed by Knox and 
Handley (1973). In net energy determinations one group of 
animals is fed at or near maintenance intake and others at 
level/s above maintenance, thus the low intake group finishes 
leaner while the other group/s become relatively 'fatter'. 
Reid and Robb (1971) have suggested that the precision of 
the specific gravity method might be lower for leaner animals 
than for fat ones. A study of the relationship between 


2 values 


specific gravity and ether-extractable fat showed r 
of 0.21 when bone-free meat contained less than 10% fat and 

r2 of 0.62 when fat content was over 40% (Kelly et al, 1968). 
This meansthat the prediction was better with fatter carcasses. 


Results of Gil ie. cule (1970), who chemically analysed and 


determined specific gravity on carcasses with 10-423 fat, 
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showed a Significant (P<0.01) relationship between specific 
gravity and percent fat only in carcasses with 30 - 42% 

fat (r* = 0.79) also indicating better predictive accuracy 
with fatter carcasses. 

1.3.2 Associative effects of feedstuffs 

Associative effects between feedstuffs are known to 
affect the digestible and net energy value of feedstuffs. 
The usefulness of the CNES is thus limited to some extent 
by this interaction between feedstuffs. 

Mitchell (1964) has emphasized that feeds and nutrients 
do not behave independently and has indicated that associative 
effects in ruminant digestion may be attributed to changes in 
the sraciowor sugar and, starch (to) nitrogen-containing com— 
pounds in the diet and cniis, (ne suti liza. lonesOrecnengyvyali ned 
feed is a function of nutrient balance. The digestibility 
of combined ingredients in a ration may thus not be additive 
(Kromann, 1973) and the digestibility of the total ration 
may not necessarily be the weighted sum of digestibilities 
of the individual components. Kromann (1973) has suggested 
the use of simultaneous equations to define ingredient depen- 
dences in terms of effects on digestibilities and has demon- 
strated differences of approximately 10% in the digestible 
energy value for molasses as determined by this technique 
and one which assumed no associative effects between feedstuffs. 

Blaxter (1956) has also observed that the associative 
effects of digestibility could not explain all of the increase 


in the net energy value of corn when added to a hay-containing 
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ration as compared to when it was added to a corn ration. 
He thus suggested that associative effects between feedstuffs 
also: affected the heat increment of feeding and thus the net 


energy value of a feedstuff. 


Pee a ed Bey: of assuming a constant maintenance 
requirement 


The maintenance requirement of a mature animal is the 
energy needed to keep the animal in a state in which body 
substance is neither gained nor lost and thus the animal 
is in energy equilibrium (Kleiber, 1961). Maintenance 
requirements can be estimated with fasting animals and 
expressed as a function of metabolic rate or fasting metab- 
olism (W°’°5kg). The equation 70 W°’75 kg (Kleiber, 1961) 
denotes the energy expended as heat by a fasting animal in 
a thermoneutral environment and (together with the 0.73 
power proposed by Brody [1964]) is generally employed in 
predicting maintenance requirements. The CNES also assumes 
a constant NEm requirement of 77 kcal/kg‘*’° irrespective of 
the Jevel of production or energy gain (Lofgreen and Garrett, 
USHERS he 

These relationships, while they may account for most of 
the maintenance cost, may not be as constant as the equations 
imply. Age influences the animals' basal metabolism (Kleiber, 
1961; Blaxter, 1967; Kromann, 1973), which is generally higher 
for immature or younger animals. Blaxter (1967) has reported 
differences in fasting metabolism between mature sheep and 
mature cattle: sheep having a 15% lower and cattle a 


35% higher fasting metabolism than the interspecies mean of 
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Ome aac MK bewhor wl oa iP aalpiter ance inn maintenance 
requirements also exist between breeds and within breeds 
Omecat tiles (Blaxterm 1196.7) .. 

Maintenance requirement includes the energy requirement 
for activity and maintaining body temperature (Kromann, 1973). 
Results of feeding trials (Mendel, 1966) with sheep suggest 
that maintenance requirements of sheep are lower under con- 
finement than under natural environment. It has also been 
emphasized (Blaxter, 1967; Brody, 1964) that energy require- 
ments may increase for range cattle. Garrett (1966) found 
that cattle required an additional 35 - 40 kilocalories of 
net energy per 45 kg (100 lbs) for every 1.6 km (1 mile) walked. 
Greenall (1959) indicated higher energy requirements for 
grazing wether lambs than the suggested standard values. 
Rremannge tua lel ol) | Nowever, LOund nNOVSigniticant di tier- 
ence ie energy requirements of steers grazing irrigated 
pastures compared to those fed in confined areas. Mainten- 
ance requirements for steers exposed to winter conditions 
are expected to be higher at low feeding levels (Hidiroglou 
sigiel Mocheyencel, M/S gensiekera” Ie)y/sjen la 

Knoxmendphendleves (9/3) mand Kromanne (9 7 3)esuggest clhat 
maintenance requirements are not likely to be constant when 
animals differ widely in rates of energy deposition. Dairy 
cow maintenance requirements have been shown to vary with ene 
physiological processes. occurring (Moe, Tyrrell and Flatt, 
1971) since lactating cows have a higher (twice) maintenance 


requirement than the non-lactatingscows (Hutton,, 1962): 
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Flatt (1966) has also found increased maintenance require- 
ments for dairy cows with increased production. Further- 
more, increased maintenance costs or requirements as a 
result of increased production have also been reported in 
Swine (Kotarbinska and Me alenowein 1969). Kielanowski 
(1976) also suggested that animals synthesizing protein may 
have a higher maintenance requirement than animals synthe- 
sizing predominantly fat. 

Estimates of maintenance energy requirements become 
important variables in determining energy requirements 
in the CNES since it has a considerable effect on the pre- 
dictions of NEg. There is evidence that NEm is not constant 
as assumed in the CNES and thus a more precise assessment 
of the NEm requirements of cattle would be helpful in 
applying the CNES. 
1.3.4 Nutritional deficiencies 

The supply of essential nutrients other than energy 
may also affect net energy values of feedstuffs (Blaxter, 
POSG aaMavynardsand Looslii, 1969) ~ 

Mitchell (1964) found that when rats were fed rations 
varying in protein content from very low to very high 
levete,mtneretticiency, Of utilization of metabolizable 
energy did not increase continuously as the protein level 
increased: it increased initially, remained constant over a 
considerable range and then decreased as the protein level 
was raised above a certain critical level in the ration. The 


variable efficiencies of metabolizable energy utilization 
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were related to the changes in the heat increment of the 
rations fed: heat increment decreased as the protein content 
increased up to a level of 16-18%, remained generally constant 
for protein levels from 18 to 30 or 40% and then increased 
rapidly as the rations became increasingly mene in protein 
(up to 54% protein). The rations containing 18 to 30% protein 
had minimal ‘specific dynamic action' or heat increment, 

were maximal in net energy content and promoted the most 
rapLlomgnrowthei ne rats 

Earlier experiments with growing sheep also indicated 
that the net energy of a feed depended on the protein content 
opethevdtets (Blaxter .21956).) “Similarly, =Blaxter (1969) @in 
discussing Mgllgaard's experiment with cows observed that 
protein in excess of lactation needs was used with lower 
efficiency than the energy in a lower protein diet although 
fecal and methane energy losses were similar for both diets. 
The increased urinary energy associated with the high pro- 
tein diet did not account for all of the decreased efficiency 
of energy usage. 

Granpcom, 6 Clh956)mandsPreston (1966) msug¢gestathatathere 
may be an optimum protein-energy ratio for the most efficient 
utilization of energy and a ration of 22 kcal of digestible 
energy per g of digestible protein is given to be the optimal 
ratio for growing-finishing lambs (Preston, 1966). Therefore 
ie woOulLdudppearmithat wanderaclency OGsexcesssOl sprorelnatnat 
results in less than an optimum protein-calorie ratio for the 


respective physiological function, will increase the heat 
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increment of feeding (Kromann, 1973) and this would affect 
the efficiency of ME utilization and hence the estimates 
of net energy. 

Deficiencies of minerals and vitamins can affect 
energy utilization within the animal (Blaxter, 1956; McDonald 
Sige 09) = DereClencies Of zinc ain animal dtetermresu lt 
ins ceducedrgrowth! rate and loss of appetite (Mi1is eceal, 
1969) and rapid cessation of growth (Underwood, 1977). An 
experiment by Miller ety ally (L965) separatcamt tierce: fects sor 
zinc deficiency per se from the indirect influence of reduced 
feed intake. Groups of calves were fed the control diets 
both ad libitum and in amounts restricted to somewhat less 
than the amount voluntarily consumed by the calves fed 
deficient diets. Zinc den relencys Ppermcescest| Loaminna 
lowered feed efficiency of 5.7 compared to 4.0 (kg feed/kg 
gain) for the restricted controls, indicating an approximate 
42% reduction in feed efficiency in the zinc deficient calves. 
Comparable reduction in feed efficiency have also been 
demonstuatedsintpigs® (Miller etral,; 1965). The= reduced, feed 
etticrencysin= zinc deticiency, Nowever, 1s notva result of 
lowered energy digestibility (Quarterman,; 1968; Millet et al, 
1966) but apparently to less efficient utilization of digested 
nutrients (Miller, 1970). This researcher has speculated that 
zinc deficiency results in impairment of enzyme(s) involved 
in the utilization of energy and this results in reduced 
energetic efficiency. 


The phosphorus-deficient animal utilizes the food it 
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consumes less efficiently than a normal animal and this 
reduction has been attributed to a disturbance in energy 
metabolism that results from lack of adequate phosphorus 
in body cells and fluids (Underwood, 1966). McDonald 
tae 709) have FEepOnted = al LOSereductions in 
efficiency of energy utilization in phosphorus deficient 
Cattle, suggesting that phosphorus is important in the 
energy yielding reactions of intermediary metabolism. 

The forgoing discussion gives some examples of how 
nutrient deficiencies can affect the net energy values of 
feedstuffs. The dependency of net energy values on other 
dietary ingredients thus represents a serious limitation to 
the accuracy of net energy values determined on feedstuffs. 
USS) Environmental effects 
1.3.5.1 Effects of a cold environment on digestion 

The digestibility of feeds has been shown to decrease 
when sheep are exposed to cold environmental temperatures 
(Graheamnpetral, 1959; Graham, 1964; Westra and Christopherson, 
LO7G -mnmeseandebn nk 7wl Jy) ol llareresumtSenavemaleosboen 
reported for cattle (Blaxter and Wainman, 1961; Young and 
Churecopnersonujm. 974, echt is LOpneLcon:, LO 6 ee OOSe se taal, 
(1969), however, has reported little or no effect of prolonged 
cold exposure on energy digestibility in sheep with controlled 
feed intakes (concentrates). Fuller and Cadenhead (1969) 
showed that changes in digestibility were not attributable to 
differential microbial fermentation rates of feces between 
time of voiding and collection, as was earlier suggested by 


Graham et al, (1959). Some of the latter studies also 
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Showed that reduced digestibility in the cold was not related 
to temperature effectson appetite or feed intake. 

A decrease in the mean retention time of the digesta 
in the alimentary tract of animals exposed to cold has been 
reported by Warren ie al, (1974) and Westra and Christopherson 
(1976), with the latter authors reporting greater frequency 
of reticular contractions in sheep. These factors may thus 
be associated with the observed reduced digestibilities in 
the cold since digestibility was found to be directly related 
to the mean retention time of digesta in the rumen as well 
as in the whole digestive tract (Westra, 1975). 

Recently, Kennedy et al, (1976) found a decreased organic 
matter digestibility in the rumen and an increased efficiency 
of microbial synthesis which indicates a beneficial effect 
of cold on protein metabolism. Methane production rates 
(and hence energy losses) have also been reported to be lower 
in the rumen of the cold exposed animals (Kennedy and Milligan, 
1978) which compensates to some degree for reduced energy 
digestibility. Environmental conditions would thus appear 
to affect the digestible and metabolizable energy and thus 
the net energy content of a feedstuff. 


1.3.5.2 Effects of a cold environment on metabolic rate and 
animal performance 


An important physiological change that accompanies 
exposure to cold environmental temperatures is the reduction 
in the lower critical temperature in sheep and cattle 
(Graham et al, 1959; Webster et al, 19,69 YounGmal9us3)e 
Webster et al, (1970) has estimated the lower critical 


temperature of steers, feeding at maintenance level, to be 
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-20°C and that of reasonably sheltered feeder cattle in latter 


Stages of growth to be -30°C (Webster, 1970). Below the 
lower critical temperature, an animal increases its heat 
production (metabolic rate) to meet the increased thermal 
demand from the environment (Young and Christopherson, 1974; 
Webster, 1976); thus more of the energy intake is channeled 
towards maintaining the animal and less energy is available 
for production. The increased metabolic rate is generally 
advanced as the primary factor causing losses in 
production efficiency in livestock in cold environments. 
Sheep acclimated to cold environmental temperature have 
shown increased resistance to cold stress and an increased 
resting oxygen consumption (Webster et al, 1969). Two types 
of metabolic responses observed by Slee (1974) in sheep 
adequately summarise these effects of cold. Firstly, there 
is an increased heart rate at thermoneutrality after exposure 
to cold. Secondly, there is a response of an elevated peak 
metabolic rate capability in sheep which have previously 
been exposed to cold as shown by an increased resistance to 
body cooling on exposure to acute cold for 2 to 8 hours. 
Type of prior cold exposure determines the duration of both 
responses to cold. An elevated potential peak metabolic 
rate in sheep exposed to acute cold persisted till about 8 
weeks after return to a thermoneutral environment while the 
same response of sheep following chnonmormcol dt Greaunent 
disappeared after 2-4 weeks. On the other hand, the increased 
resting metabolic rate as a consequence of either chronic or 


acute cold exposure was seen to be retained only for 8 days. 
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Beef cows on exposure to chronic low temperatures were 
reported (Young 1975) to have retained the increased resting 
metabolic rate for approximately 2 weeks. 

Young and Christopherson (1974) have pointed out the 
importance of distinguishing the short term direct effects 
of cold on metabolism and the long term adjustments involving 
acclimatization. Increases in metabolism (higher metabolic 
rate) even when cold stress is absent would increase main- 
tenance requirements. This energy expenditure would 
considerably adversely affect efficiency of energy utilization 
of animals and thus the net energy value of feedstuffs. 

Several studies reviewed by Gonyou (1977) demonstrate 
adverse effects of cold environments on efficiency of pro- 
duction. Webster et al, (1970) in an experiment with 12 
cattle reported a drop in efficiency (in terms of weight gains) 
in cold exposed cattle and a further drop in cattle that were 
cold exposed and not provided with shelter. Similarly, sheep 
kept inside consuming the same amounts of feed as unsheltered 
animals, gained 62% more in body weight than the unsheltered 
group (Webster et al, 1969). Hidiroglou and Lessard 
G1s90 7.12) reported that s;6oxr Similar feed intakes, steers 
wintered outside gained 30% less liveweight over a period of 
168 days compared to the steers housed in an unheated barn. 

In contrast to these results Webster G9 7.0)P ron a 
study involving 108 measurements and 24 cattle ranging in weight 
from 140 to 335 kg concluded that feedlot cattle in colder 


regions of Canada, when reasonably sheltered (heating not 
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included), were exposed to temperatures below their lower 
critical temperatures for only very short periods of time 
each year and therefore the effect of cold on efficiency of 
production would be insignificant. Effects of cold on preg- 
nant cows and younger animals were expected to be significant 
but not excessive since the estimated losses in efficiency 

of production were considered to be relatively small. 

Consideration of data from large numbers of cattle 
fed in different seasons also indicates that winter cold 
may affect animal performance. A 20 month Colorado study 
(Knox and Handley, 1973), undertaken to evaluate the CNES, 
used data from over 95,000 steers and heifers and predicted 
gains calculated from feed consumption records. The study 
showed that the actual weight gains during the winter months 
were 15% lower than predicted. The summer cattle, however, 
gained up to 35% more than predicted. The effective mean 
monthly temperatures, corrected for wind, moisture and 
femperature, ranged from -—20°C to 10°C with the winter 
environment greatly reducing feed efficiency. 

Milligan and Christison (1974) analysed 6 years of 
monthly feedlot data at Saskatoon, Saskatchewan, to determine 
the effects of climate on steer performance. Data used was 
from 1970 yearling steers which were provided only with wind 
protection. Regressions of daily weight gain and feed to gain 
ratio on temperature were statistically significant being 0.014 


kg/day and -0.067 feed/gain respectively per 10°C increase in 
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environmental temperature. In contrast to Webster's (1970) 
results, then, these studies suggest that full-fed feedlot 
cattle are adversely affected by prairie winters and thus 
the CNES may not be applicable in coldenvironments. Studies 
retacina weight gain to environmental effects must be viewed 
with caution, however, since weight gains may not adequately 


reflect energy gains in animals. 
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EXPERIMENTAL 
2.1 Objectives 
The objectives of the Sach: were: 
1) To evaluate the usefulness of the California 
Net Energy Seven for cattle under Alberta 
winter conditions where maintenance requirements 


may be increased, and 


2) To determine if the relatively high heat 
increment of feeding which occurs when straw is 
fed is useful in keeping an animal warm in the 


Winter ¢ 


2.2 Experimental design and diets 


Four lots of steers of Hereford breeding were used 
in four experimental feeding periods conducted during the 
summers of 1973 and 1974 and the winters of 1973-1974 
and 1974-1975. The 30 to 42 animals used in each season 
were ranked according to weight into five to seven groups, 
then one steer from each weight group was randomly assigned 
to each dietary treatment and to an initial slaughter 
group so that there were six animals per treatment. 

In the 1973 summer study each group of six steers 
was further subdivided into three groups of approximately 
the same total weight. The two animals in each group 
were then fed together in one of 15 pens. During the 


following winter six steers were held in each of four 
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pens and the animals were again fed in pairs of equal 
liveweight while being confined in adjacent stanchions. 

In the 1974-1975 trial, steers were individually fed while 
in stanchions in four pens. An additional six steers were 
fed ad libitum as a group in one pen in the summer of 1974 
and as a group in each of two pens during the 1974-1975 
winter trial. 

An initial group of six steers (five in summer of 
1973) was slaughtered at the start of each test period and 
the total empty body weight, empty body energy and fat 
content of these steers was measured. The remaining 
steers were fed either an all-concentrate diet (Table 1) 
to provide 1.4, 1.7 or 2.0 times the amount of energy 
required for maintenance or a 25% wheat straw and 75% 
concentrate diet fed at approximately 1.4 times main- 
tenance. An additional group of steers was fed an all- 
concentrate diet at 1.1 times maintenance in the summer 
of 1973 and either one or two groups of steers were fed 
this diet on ad libitum basis during the last two feeding 
periods of summer 1974 and 1974-1975 winter. 

The maintenance level of feeding was calculated to be 


ce per day form the all—-concentrate 


36 g of dry matter per kg° 
diet by using the net energy for maintenance (NEm) values 
for barley and animal requirements as given in the NAS-NRC 
(1970) nutrient requirement tables. The amount of con- 


centrate and straw offered in the 1973 summer and 1973- 


1974 winter feeding periods was restricted to an amount 
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equal the consumption of the steers with the lowest ad 
libitum intake. In the last two feeding periods the 

25% - straw ration was limit-fed to provide an 
energy intake of 1.4 times maintenance. The feed intake 
of all steers at restricted levels of feeding was kept 
constant relative to metabolic weight throughout the test 
periods by adjusting the feed offered according to the 
weekly weights of the steers. The all-concentrate diets 
were prepared at the University of Alberta feedmill while 
the wheat straw was prepared at the experimental site by 
chopping with a New Holland Forage harvester. In addition 
to the basal feeds all animals had free access to trace 
mineralised salt and a 1:1 mixture of trace mineralised 
salt and calcium phosphate. 

At the end of the feeding period animals were 
slaughtered and carcass specific gravity, empty body energy 
and empty body composition were determined and energy 
retention throughout the trial was calculated. Efficiency 
of use of digestible energy intake above maintenance for 
gain was also calculated. 

The 155 day feeding period in the summer of 1973 was 
from April 17 to September 18 and the 146 day winter 
period started on November 21 of the same year and finished 
on April 15, 1974. The 110 day summer feeding period in 
1974 commenced on May 29 and concluded on September 15. 


The final wintering trial was conducted in a 92 day period 


ae gute i! aca . 
engin) ave — Pe, a one a ooo ‘eyaer 
yeh 2 wr ee ho @iayae’ nagiistitews jo eyeese | tte 


seay oA shee lier Stelew 4 fodiens 6 minels al 7 


i = 
eAL O02 BUI ton hist bast Sf) Miah Ges od stolen 


a 


mtivit: Sd 2INaDTOO WiC. SitTy .¢teu on ™: a2sdpied. ¥, 


mt ° +4 | Pant _ e* é t : | j "oe bax 13 ha } ? + P “sy " on oy 
2 oe taal Chee! Cred Gil Se ses] She geese sedite 
77 
Maire i bbs) (T* : rez dupetot Deel ‘et wyt © Bose pee 
» | ; 
Pel IS Wy, Ge . 1. Wor Tléelen Sia aed (eed ote ae 
; ; : 


abi tetlh eoyss Sor: hoteela tc Fer eee “2s tose Leeman tot 
- acter Gism . a: a 7” ¥ 
asite eloabed Pals on Mab eed wis OF Bpeve a4 a? 


Sa“ orf eA at tn) Leas 4 5 sas wie er si 


\ rveasin f: a. j . a¢ A290 Ti. “ihe 7 2 Z | “j Wie) ¥ a s ks ; 


g a) ' es « i 1s n Sah (ee 4 ‘ . 4 
Sahel sis j lirele saw IAL: P=amate fi AGL Om > 
: : eae 
strc Nereis svais af} wen) eg? a 340 OA So ego Te. 


Pulp im 44) peta ant ico 
Mae : et y ae 
eS 


nae LOM ty comes | L¢@ epg Soild sesW HAs; ? cod Pre a as 
7 - SS 


Y sepced Yat, GPL! ql? hide yocedage aed Nig 
| . - 
ae eee PER SA tap ont | aod ce Grane) Bes 
Rage techn yninttion, ines 3 ra tk ah . @ ac bidy 
a? : : ; a 


- eee in fie 


28 


between January 5 and April 6, 1975. 
2.3 Description and management of experimental animals 
All animals were purchased from a commercial firm 
for this study, were of Hereford breeding and weighed 
between 243-368 kg. Most steers appeared to be yearlings, 
although the animals used in 1974-1975 winter feeding 
period were noticeably younger than those used in the other 
periods. Upon arrival at the Beef Cattle Nutrition Unit 
at the Ellerslie Research Station the steers were held in 
a 4 x 8 m pens which were partially covered by an open-front 
shed. They were given long hay for one to two weeks after 
their arrival. Trace mineralised salt and 1:1 mixture of 
trace mineralised salt and calcium phosphate were also 
available on a free-choice basis. All animals were vaccinated 
for blackleg, malignant edema and received a 2 ml intra- 
muscular injection containing 1,000,000 I.U. of Vitamin A, 
1507000R U.s0faVitamin Ds ands 00 ei UpeOteViscami nah sea cee 
the settling in period all steers were given increasing 
daily amounts of the all-concentrate diets over a 2-week 
period until the maximum assigned level of concentrate 
feeding for the trial was reached at which time the 
experiment was started. 
Water was available ad libitum from heated water 
bowls throughout the study except at the time of confine- 
ment for feeding and prior to weighing. Steers were offered 
half their ration twice daily and were allowed 2 to 3 hours 


each morning and afternoon to consume the given feed. Wood 
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shavings were used for bedding. The steers were weighed at 
weekly intervals throughout the experiment and on two consec- 
utive days at the start and the end of the experiment. All 
the weights were taken in the morning before feeding and 
after water had been withheld for 16 hours. 
2.4 Environmental data 

Metereological data was aly eked for the experimental 
periods from the Government of Canada Atmospheric Environ- 
ment Service at the Edmonton International Airport located 
within 15 km of the experimental site (Environment Canada, 
1973, 1974 and 1975). Routine checks of daily minimum and 
maximum temperatures indicated that there was little variation 
between (thevairport, temperatures sand thosesrecordeds in, the 
animal pens. Daily mean temperatures were calculated as the 
average of the maximum and minimum for each day. Degree days, 
aS a measure of cold stress, were obtained by adding the 
number of degrees the mean daily temperature was below -20°C 
during the trial period and dividing the total by the number 
Ofsdaysminethesperiod (Dietz, 1971) -gethesvatuezote—205C 
was used since it approximates the likely lower critical 
temperature of a steer at the maintenance feeding level 
(Weboten=ct aly, 977 0F. 
2.5 Predicted liveweight gains 

Predicted liveweight gains were obtained using the 1970 
NAS-NRC tables by calculating the net energy for gain (NEg) 
available in the ration at each level of feeding by first 
subtracting the feed required to provide the net energy for 


maintenance requirements. 
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2-6 Carcass measurements 

The steers were slaughtered on the final day of test 
at a commercial abbatoir and the warm weight of the carcasses 
was recorded. The carcasses were graded by Federal Govern- 
ment graders who also made measurements of rib eye area and 
average backfat depth from readings at the top, middle and 
bottom of the eye muscle between the 11th and 12th ribs. 
The dressing percentages for each carcass were calculated 
by expressing the warm carcass weight as a percentage of 
final weight on test. 
2.7 Empty body weight and composition 

Empty body weight (weight of the whole animal minus 
digestive tract contents) was estimated using the equation: 
Y = 1.36X + 30.26 derived by Garrett and Hinman (1969) where 
X is the warm carcass weight and Y is the empty body weight. 
Empty body energy and fat content of the steers was estimated 
by specific gravity techniques (Garrett and Hinman, 1969). 
The left side of each carcass was chilled for 48 hours at 
4°C and then weighed in air to the nearest 0.22 kg (0.5 1b) 
and under 4°C water in a large cylindrical (diameter 150 cm; 
height 200 cm) tank to the nearest gram. The specific 
gravity of a carcass was obtained from the weight in air and 
the weight in water using the following equation: 

weight in air 

carcass specific gravity = weight in air-weight in water 


Empty body energy of steers was calculated by the 
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equation: Empty body energy (kcal/g =847 588-FA1297xX+ awhere 
X = carcass specific gravity (Canrece and Hinman, 1969). The 
amount of fat in the empty body of the steers was calculated 
using the equation: % ether extract(fat) = 551.38 - 498.50x, 
where X = carcass specific gravity (Garrett and Hinman, 1969). 
Total energy in the fat of each animal was calculated by 
multiplying the fat weight by the factor of 9.385 kcal/g 

(Harr is)97 0) 

Empty body weight, energy and fat content of each steer 
in the initial slaughter group was divided by the animal's 
liveweight to obtain the average initial empty body weight, 
energy and fat content per kg of liveweight. These average 
values were used to calculate the initial empty body compo- 
Sition of each of the remaining steers in the experimental 
groups. Total empty body weight, energy and fat gain for 
each animal in the experimental groups was thus calculated as 
the difference between the final and calculated initial empty 
body weight, energy and fat contents. 

2.8 Digestibility measurements 

The 1973 summer digestibility measurements were made 
using a combination of total collection and grab sample 
techniques. Total collection of excreta from the actual 
experimental steers was accomplished by scraping the concrete 
floor of the pens daily over a 7-day period. Measurements 
at the 1.1 times maintenance level, however, were obtained 
from steers held in metabolism crates. A representative 5% 


aliquot of the total amount of excreta collected was ob- 
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tained for each collection day. The acid detergent-—fibre 
content of this material was determined and the total acid 
detergent fibre excreted was calculated. Grab samples, 
also taken throughout the total collection period, were 
then analysed for acid detergent thea dry matter, energy, 
ash and protein. The total amount of nutrients in the 
fecal material collected over the 7-day period was thus 


calculated from the following equation: 


concentration of 
nutrient in grab 
kg of acid detergent samples 
fibre collected concentration of acid 
detergent fibre in 
grab samples 
Digestibility measurements of dry matter, organic matter, 
energy and nitrogen were subsequently calculated. Since 
Similar grain and straw were used in the 1973-1974 winter 
feeding period,digestibility measurements were not made 
during this time. 
Four Hereford steers, housed at the Metabolic Research 
Unit on the Parkland Farm were used to determine digestibility 
coefficients for 1974-1975 diets. In the first part of the 
digestibility study, all four steers weresindividually ted 
a 25% wheat straw and 75% concentrate diet. Subsequently, 
each steer was individually fed an all-concentrate diet at 
one of the three feeding levels in a modified Latin Square 
design, having the same two of the four steers feeding at 


one of the levels each time. A three-week feeding period, 


involving a two-week adjustment period and a 7-day fecal 
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collection period was used. Total fecal output was coll- 
ected in bags as described by Hoogendoorn and Grieve (1969) 
with the bags being changed once daily. A 5% aliquot of 
daily fecal production was frozen and saved for analysis. 

Digestibility of the winter 1974-1975 all-concentrate 
diet was determined using four steers fed at a level of 
1.7 times maintenance. The steers were held on an elevated 
wooden platform while being restrained individually in 
stanchions. Total collection was achieved using large 
plastic collecting trays placed under each of the steers at 
the ground level. An electric wire ran behind each steer 
to assure proper standing posture when the feces were voided 
into the trays. 

Fecal samples were dried at between 103-105°C for 24 
hours for dry matter determinations. Daily samples from the 
steers were composited to make one sample for each steer. 
Each combined sample was finely ground using a Christy-Norris 
Gimindingemiiblaand storedsin a plastic bag insidevalplastic) bag. 
7m scheni_cal analysis 

Dry matter, crude protein and ash content Of feed and 
fecal samples were determined by using the Association of 
Official Agricultural Chemists (1965) methods. Gross energy 
of feed and feces samples was determined by combustion in 
a Parr oxygen bomb calorimeter. Acid detergent fibre content 


of feed and feces was determined by the method of Goering and 
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In the digestibility studies conducted with the steers 
fed the all-concentrate diet in the summer of 1974 the data 
obtained with the two steers fed at the same feeding level 
each time were averaged to aoe one value. This was done 
to obtain an equal number of observations (three) for each 
level of feeding for the two years. A two-way analysis of 
variance was done on data from these digestibility trials 
(Table 4). 

In the feeding trials in the summer of 1973 and winter 
of 1973-1974 average values for each pair of steers fed to- 
gether were used in statistical analysis since feed intake 
records were not available for each individual animal. Thus 
in the 1974 summer and 1974-1975 winter studies data from 
two steers were also combined to obtain three observations 
per mean for each parameter considered in Tables 5 and 6. 

Analysis of variance and regression analysis were 
performed (Steel and Torrie, 1960) using programs available 
from the University of Alberta Computing Centre. Duncan's 
New Multiple Range Test (Steel and Torrie, 1960) was used in 
comparison of means. In cases of missing data averages of 
observations were used to obtain equal number of observations 
per mean. The degrees of freedom were accordingly reduced 
by one in such cases in the analysis of variance tests. Pre- 
dicted and actual rates of gain were compared with the paired 
t - test (Steel and Torrie, 1960). Homogeneity of regression 
equations (Table 6; Figures 1-4) were determined according 


to procedures given in Steel and Torrie (1960). 
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RESULTS 

Meteorological data obtained for the experimental period 
included mean temperatures, mean maximum and mean minimum 
temperatures, number of days and number of degree days the 
temperature was below -20°C and relative humidities (Table 2). 
Wind data was not measured because of the large variation 
which would have existed within and between pens and also 
because wind effects were considerably reduced as a result 
of wind protection provided to the steers by the shed and 
surrounding corrals. 

The mean temperatures recorded throughout the winter 
and summer feeding periods (Table 2) could be considered 
normal for the experimental site since 13 year average 
temperatures (1961 to 1974) for the months of December 
through March and May through August were -12°C and 13°C, 
respectively. The number of degree days of cold stress was 
53 in the winter of 1973-1974 compared to 34 in the shorter 
heedingmeperitcd Of 11974-1975 winters(Lables 2?) me hereewerc 
six occasions of 2-4 days duration in the 1973-1974 winter 
and four occasions of 2-3 days duration in the 1974-1975 
winter when the mean temperature fell below -30°C. The mean 
relative humidities for the four feeding periods were 


comparable (Table 2). 


3.2 Characteristics of initial slaughter group 


The liveweight of the cattle slaughtered at the start 


of each of the four periods differed Signiticant.y —(P<0.0ouy 
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with the group fed in the 1973-1974 winter heavier than 

other groups and the 1974-1975 winter-fed group lighter 
(Table 3). No significant differences (P>0.05) were detected 
in carcass specific gravities or dressing percentages between 
the four groups of steers. Significant differences (P<0.05) 
which existed between warm carcass weights and empty body 
weights (Table 3) could be attributed to differences in 
liveweight between cattle in the four feeding periods. 

The group of steers slaughtered at the start of the 
1973-1974 winter feeding period had the highest carcass specific 
gravity (Table 3). Thus,even though they were the heaviest of 
all initial slaughter groups they contained less amount of fat 
Pigiecicel 1ghnterg 0/4 esummer steers (Tablel) sss nerecawere 
no Significant differences (P>0.05) in empty body weight, 
energy and fatiicontent of the initial slaughter, qnuoupssor 
steers when these were expressed on a per kg of liveweight 
basis (Table 3). 

3.3 Animal health 

All of the animals remained generally healthy throughout 
the experimental periods. Some problems were encountered, 
however, in maintaining feed consumption at the assigned 
level during the 1974-1975 winter feeding period, and some 
of the animals had to be given hay to stimulate appetite. 
Results from these steers and any that consumed less than 95% 


of the assigned level of feed, have been excluded from the 


data presented in Tables 5 to 8. 
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Table 3. Means and standard errors of liveweight, carcass data and empty 
body parameters for the initial slaughter groups 


ee EE Eee EE EEE Ee ae eee eae 


_Feeding period 
1973 1973-1974 1974 1974-1975 Standard 


Summer Winter Summer Winter error 
No. of steers 5 6 6 6 
Liveweight (kg) 3030 362% 322° 265" 10766 
Carcass specific gravity i074- 1.080° TeO7 te 10772 0.003 
Warm carcass weight (kq) 167.9" 197.5% 175.62 12965 a PS 
Dressing % 55.3% 54.5% 54.5% 53.5° 0.95 
b c 
Empty body weight (kg) 259” 2992 269 Te. 8.52 
b b 
Empty body fat (kg) Wage anne! Gpats B20 1 4.34 
b 
Empty body energy (Mcal) B50e2a 675.9% 705 a 526.3 42.97 
Empty body energy/kg live 
3 aan (Mcal) 22350" 1.854% 2619 le 220025 Onis 
Empty body weight/kg live E 
; eerane (kg) 2 0.854% 0.826° 078360 90.8400 0.01 
Empty body fat/kg live . 
Z aeevene Rae 0.138" 0.108° 0.146° Orl21 0.01 
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2-Csimilar superscripts in the same row indicate values that are not signi- 
ficantly different (P>0.05). 
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3.4 Apparent digestibility of dietary components 


Apparent digestibilities for the different diets and 
years are given in Table 4. Values for the 1.1 times 
maintenance feeding level were not included in the statistical 
analysis since no steers were fed at this level except in | 
the 1973 summer feeding period. 

Dry gmatter digestibilities were s//7.2,574.8" 074.9 and 
67.0% and organic matter digestibilities were 80.2, 78.5, 

78.6 and 69.2% for the all-concentrate diet fed at the 1.4, 
1.7, 2.0 times maintenance feeding level and the 25% wheat 
straw diet, respectively (Table 4). The dry and organic 
matter digestibilities in the all-concentrate diets were 
thus not affected by the level of feeding (P>0.05) while in 
the straw diets dry and organic matter were not digested as 
well (P<0.05) as in all-concentrate diets. Level of feeding 
had no significant (P>0.05) effect on the apparent digesti- 
bilities of crude protein in the steers fed the all-concen- 
trate diets nor was there any significant difference (P>0.05) 
in the digestibility of protein between the ali-concentrate 
diets and the diet containing straw (Table 4). 

The apparent digestibilities of gross energy for the 
steers at 1.4 times and 1.7 times maintenance level of feeding 
were not significantly (P>0.05) different from each other 
while the mean for 2 times maintenance level was significantly 
(P<0.05) lower than the 1.4 times maintenance level (Table 4). 
There was a drop of approximately 1.7 digestibility units 


with each increase of 0.3 times maintenance in feed=antake 
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level for the all-concentrate diets. The digestibility of 
energy for the steers fed the 25% straw diet was signifi- 
cantly (P<0.05) lower than that with the all-concentrate 
diets (Table 4). 

There were significant differences (P<0.05) in apparent 
digestibilities of dry matter, organic matter, crude protein 
and gross energy of all the diets between the years (Table 4), 
being generally 5 digestibility units lower in 1974 compared 
COM LOTS 

Digestibility measurements were also conducted for the 
all-concentrate diet fed at the 1.7 times maintenance in the 
winter of 1974-1975. Apparent digestibilities for dry matter, 
gross energy, crude protein and organic matter were 71.8, 
73.9, 69.1 and 75.0% respectively and were not significantly 
(P>0.05) different from the values obtained in the previous 
summer, although they were generally 2 digestibility units 
higher. 

3.5 Feedlot performance and carcass data 

Average daily gains for all steer groups increased as 
the feeding level increased (Table 5). The steers fed in 
the 1973 summer period gained faster than other groups at 
all feeding levels, although this difference was only sig- 
nificant (P<0.05) at the 2 times maintenance feeding level 
and when the 25% straw diet was fed (Table 5). Digestible 
energy intake was, however, significantly (P<0.05) higher 
in the 1973 summer-fed group (Table 5). Rib eye area at 


slaughter also tended to be larger in the 1973 summer group 


feragan oi (20,009) 
e!age3ry ebité .sbsine oihogy. 
, 1b algiad) cane6ye ott Ait ae ones idk nis ‘Ne be pra a aoa 
Boreas ITEE nt sohal af ine eat @ ii winese; 
Be ok 
git Sota sete: oh if Sa ey Sabhrrus vad 
ots 1 Aue aksnttanil atatis oa), | ie ue par 
rota vals aoF ew is £ Dee 3 eany Sty ofits Oey # la a Nace ‘s ae 
1. i aeawlaslice Simeeen ert ight porbir pet: eee 2807p, 
e jag rae Gan Ngo gue 66..€7 Bn i Lee . 
benlulta ad? nie be Swe aegis wits aa ys $yra7 wt toe tees i 7 
wtirur WILT Ol seopit Ss. Ei deseuhe ez yedd Apwerhh ee, 4 


ot ise ae 7a Te? r 


stoR shuypo, bre use ge Coie 

es ititonst pth): Misery asel2 ily. =at Fe tae ytlen 0 Tee a 7 
ed BSS) a rinte-aiil ae ofetp a) fetes den sat ee 
18 May ag oedas ee aadees brill Voit ge seteane ORES ant 
“ght te any a uileta) yaip@ae 
| ec 
i 


42 


Table 5. Means and standard errors of feedlot 


: performance data and carcass characteristics 
of experimental steers 


a 


a 


Feeding Period 
1973 1973-1974 1974 


1974-1975 Standard 
Summer Winter Summer Winter error 
All-concentrate diet, 1.4 x maintenance 
No. of steers 6 6 5 4 
Dry matter intake i 
(g/kg *7°/day) 48 49° 499 499 0.64 
Digestible energy intake 
(kcal/kg ‘75/day) } 164" 168°> 271" 163° 1.59 
Initial weight (kg) 301° s270 323” 2534 3.49 
Final weight (kg) 373" 3892 362° 289° 3.00 
Daily gain (kg) 0.46% 0.36% Oncoa 0-395 0.03 
Daily feed intake? (kg) 4.5 4.8 Pat Ee 0.03 
Feed/gain2 a,5> 13.50 126°" To.so5 1.04 
Warm carcass weight (kg) 205 2236 193° 154° 3.51 
Dressing % Sse1c S7e2 S353" 52.0° 0.69 
Fat depth (mm) Rake be eran 207 1.14 
Rib eye area (cm2) 65.3" 54.6> S15 4765 2.29 
All-concentrate diet, 1.7 x maintenance 
No. of steers 6 6 6 5 
Dry matter intake x - A A 
(g/kg °*’5/day) 58 59 60 59 0.53 
Digestible energy intake 
(kcal/kg *?5/day) } 203° 203 196? 192” 1.74 
Initial weight (kg) 304° 339° 323° 258¢ 3.09 
Final weight (kg) 413° 4134 387> 320° 3.43 
Daily gain (kg) 6.72" 0.50° 0.59 0.70, 0.02 
Daily feed intake? (kg) Bag 5.97 5e6n 4.8° 0.03 
Feed/gain2 pele ale72 9.6? 6.9° 0.35 
‘ a 
Warm carcass weight (kg) 227 2420 206° 117i 3.44 
Dressing % 54.9» 58.73 53.3? 53,30 0.70 
Fat depth (mm) igh 12,17 11.38 . 45° 2:59 
Rib eye area (cm?) 64.7" Soe6au 59.4 51.6 2.68 
All-concentrate diet, 2 x maintenance 
No. of steers 6 6 6 4 
Dry matter intake a 
yan 74% wale 69% 68 0.25 
Digestible energy intake « a 
Tec kGe aay) 256 245» 221° 213° 0.79 
c a 
Initial weight (kg) 300 set ak ees 2.64 
Final weight (kg) 462° 461 ‘ 412 . 339 : 5.09 
Daily gain (kg) 1.049 0.81 0.85 0.91 0.04 
a 7.62 6.7” S75 0.03 
Daily feed intake? (kg) 7.6 : : 
abe a g.0P Rake 0.37 
Feed/gain* 7.2 9.4 3 a 
: b Ph pe 2244 186 2.86 
Warm carcass weight (kg) 264 a s 
Sahee 59.1% 54.4 54.5 0.38 
Dressing % a 5 
Er ne eee 68> 14.49 13.8 4.9" tele 
a e = 
: jee 64.8° Bq 16" 56.9 1.35 


Rib eye area (cm?) 


lobtained from measured digestibility coefficients at each feeding level. 


2As-fed basis. 
a-d 
different (P>0.05). 


Similar superscripts in the same r 


ow indicate values that are not significantly 


(Table 5, cont'd) 


1973 1973-1974 1974 
Winter Summer 


1974-1975 
Winter 
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Standard 
error 


a i a a aaa ee iieaeamamamnaaicaemmae some imate ee ee ee eee 


No. of steers 


Dry matter intake 
(g/kg*?*/day) 


Digestible energy intake 
(kcal/kg*’°/day) } 


Initial weight (kg) 
Final weight (kg) 

Daily gain (kg) 

Daily feed intake? (kg) 
Feed/gain? 

Warm carcass weight (kg) 
Dressing &% 

Fat Gepth (mm) 

Rib eye area (cm?) 


No. of steers 


Feeding level (times 
maintenance) 


Total dry matter intake 
(g/kg *75/day) 


Concentrate (g DM/kg*’7°/day) 
Wheat straw (g DM/kg*7°/day) 


Digestible energy intake 
(kcal/kg*7°/day) } 


Initial weight (kg) 
Final weight (kg) 

Daily gain (kg) 

Daily feed intake? (kg) 
Feed/gain? 

Warm carcass weight (kg) 
Dressing % 

Fat depth (mm) 

Rib eye area (cm?) 


All-concentrate diet, ad-libitum 


12 
94 


3015 
321° 
473° 
736% 
9.7 
7.0 
267% 
56.6° 
1o<1> 
6le3c 


25% straw diet 


6 6 5 
147 1.62 1.40 
Be 672 5g° 
46 50 43 
15 17 15 
188° 206% V67° 
300° 336% 322° 
4142 400° 359? 
0.742 0.44 0.34? 
5.9P EW he ete 
7.9P 15252 16205 
2377 229° 193? 
Tiere Sqr Bence 
7.12 ta793 72> 
6655 S5e7 7 s HS 


0.75 
2.62 
12.72 
0.11 


0.12 
0.24 
1.41 
2.14 


a Re 


loptained from measured digestibility coefficients at each feeding level. 


2As-fed basis. 
a-d 
different (P>0.05). 


Similar superscripts in the same row indicate values that are not significantly 
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(Table 5). This group of steers and those fed in the 1974- 
1975 winter period also had the best feed conversion effici- 
encies (P<0.05) atPthesl. 77) 2.0 levels of pfecaing mTaplesaie 
The trend towards a greater efficiency of feed utilization 
in the 1974-1975 winter-fed steers occured even though eee 
ate the least amount of digestible energy relative to met- 
abolic weight (Table 5). The greater efficiency of feed 
utilization of this group was related to their relatively 
lower initial liveweights, dressing percentages and fat 
depth at the time of slaughter (Table 5). 

The inclusion of wheat straw in the diet appeared to 
improve the feedlot performance of the steers fed in the 
summer of 1973. In this period average daily gains and 
feed efficiencies with this diet compared favourably with 
those obtained when the all-concentrate diet was fed at the 
higher feeding level of 1.7 times maintenance (Table 5). No 
improvement in feedlot performance due to straw, however, 
could be detected in the other three feeding periods. 

Thess1onicicantly, (P<0.05)> improved =teedlotrperrormance 
of the 1974 summer steers at full feeding level in average 
daily gain compared to the 1974-1975 winter steers at full 
feed is related to the 20% more feed the summer group consumed 
relative to metabolic weight compared to the winter group 


(Trabrem )% 


3.6 Empty body composition and energy gain 


Carcass specific gravities were lower in the animals 


at the end of the feeding periods as compared to the chy ofa ly aa bs Bik 
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Slaughter groups (Tables 3 and 6). No Significant (P>0.05) 
differences were detected in carcass specific gravities 
between treatment groups or feeding level at the 1.4 and 1.7 
times maintenance level of feeding (Table 6). Final empty 


body fat and energy content were lower (P<0.05) in 1974-1975 


winter than in the other. feeding 
periods and were due to lower final empty body weights of 
Steers for this feeding period (Table 6). At higher feeding 


levels the steers slaughtered in the 1974-1975 winter had 
the highest (P<0.05) specific gravities and contained the 
least fat and energy (Table 6). This was also related to 
their lower final weights and reflected by their relatively 
low average backfat depth (Table 5). 

There were no differences (P>0.05) in empty body energy 
gain (kcal/kg *7 °/day) between the steers fed all-concentrate 
diets at similar feeding levels during the four seasons 
(Table 6); however, as expected, there was more energy gained 
as level of eoding was increased. The daily fat gained by 
the 1974-1975 winter-fed steers was significantly less (P<0.05) 
than the fat gained by steers fed in other feeding periods at 
the 2.0 times maintenance level of feeding. Steers fed the 
25% straw diet in the 1974-1975 summer and winter gained less 
energy (P<0.05) than those fed similarly in the previous two 


seasons (Table 6). This was due to a lower feed and energy 


intake (Table 5). 


Results from steers feeding at 1.l times maintenance 


level in 1973 summer were (appendix Tablesla,b and 2) not 
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Means and standard errors of empty body composition and gain of experimental steers 


eee 


Feeding period 


1973 
Summer 


1973-1974 


Winter 


reo  . 


No. of steers 

Carcass specific gravity! 
Initial empty body weight (kg) 
Initial empty body fat (kg) 
Initial empty body energy (Mcal) 
Final empty body weight (kg) 
Final empty body fat (kg) 

Final empty body energy (Mcal) 


Gain empty body weight 
(g/kg *?°/day) 


Gain empty body fat 
if 


(kcal/kg ‘7? /day) 
Gain empty body energy 
(kcal/kg ‘7>/day) 


Energy gain as fat (%) 


No. of steers 

Carcass specific gravity! 
Initial empty body weight (kg) 
Initial empty body fat (kag) 
Initial empty body energy (Mcal) 
Final empty body weight (kg) 
Final empty body fat (kg) 

Final empty body energy (Mcal) 


Gain empty body weight 
(g/kg *7° /day) 


Gain empty body fat 
(kcal/kg *7°/day) 


Gain empty SON energy 
(kcal/kg '7°/day) 


Energy gain as fat (%) 


No. of steers 

Carcass specific gravity? 
Initial empty body weight (kg) 
Initial empty body fat (kg) 
Initial empty body energy (Meal) 
Final empty body weight (kg) 
Final empty body fat (kg) 

Final empty body energy (Mcal) 


Gain empty_body weight 
(g/kg *7°/day) 
Gain empty body fat 
/ 


(kcal/kg ‘7°/day) 
Gain empty body energy 
(kcal/kg *7°/day) 


Energy gain as fat (%) 


All-concentrate diet, 


All-concentrate diet, 


All-concentrate diet, 


6 
1.056 
256 .0° 
41.4> 
644.8 
sso07” 
iit 
1264.5° 


b 


1974 
Summer 


1974-1975 


Winter 


Standard 


error 


1.4 x maintenance 


6 

1.065 
282.9% 
Sasa 
624065 
401.6% 
Bae 

Lie0.7 


b 


77 


65 


1.7 x maintenance 


2 x maintenance 


6 

1.058? 
AGG 
46.17 
699.2% 
335.4° 
Siees 
Toeeu2s 


SEIT en nn nn 


lyeasured ateacce 


a-deimilar superscripts in the same row indicate values that are not significantly different 


(P>0.05). 
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1973 1973-1974 1974 1974-1975 Standard 
Summer ‘Winter Summer Winter error 
All-concentrate diet, ad-libitum 
No. of steers 12 6 
Carcass specific gravity? 1.052? 070m 0.002 
Initial empty body weight (kg) 268.2 210.8” 2.25 
Initial empty body fat (kg) 46.9% 30.3> 0.35 
Initial empty body energy (Mcal) 594.3% 502.2? 11.46 
Final empty body weight (kg) 394.42 20724 10.09 
Final empty body fat (kg) WOT 52.6" Sole} 
Final empty body energy (Mcal) 1350-35 780.5> 60.87 
Gain empty body weight 
(g/kg *75/day) TOS 92045 1.10 
Gain empty body fat 
fener) 5727 32.0° 6.76 
Gain empty body energy : 
(een toe 3 day) 78.0% 42.8 6.93 
Energy gain as fat (%) 74 75 
25% straw diets 
No. of steers 6 6 5 5 
Carcass specific gravity? 1.061° 1,066°° 1.0692 1.0779 0.002 
Initial empty body weight (kg) 25Sa7 277.6% 268.82 215/17 4.68 
Initial empty body fat (kg) 41.4 36565 BGnse S1c0e 0.67 
Initial empty body energy (Mcal) 643.9> G22eea 704.5% 512.6° 11.01 
Final empty body weight (kg) 353.1% 341.97 g9256" 251 9a 5.77 
Final empty body fat (kg) 79.0% 69.0? 54.4° 36.00 2.66 
Final empty body energy (Mcal) 1070.5% S7ae34 794.0° 590.0% 22.05 
Gain empty body weight 
(g/kg ‘75/day) 7.6" 5.1> 2.7° Sate? 0.57 
Gain empty body fat 
ate aay} 273° 24.42 g.5P 7.60 2.82 
Gain empty body energy 
(wenn 5 /day) 62,9" pois 1012” T2ea5 2.46 
Energy gain as fat (%) 85 87 83 62 
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included in Tables 5 and 6 since there were no data to com- 
pare against in the other three periods. 
3-7 Actual vs predicted liveweight and energy gains 

Actual average daily gains for the four feeding periods 
tended to be higher than the gains predicted by the California 
Net Energy System (Table 7); in the case of the 1973 summer 
and 1974-1975 winter steers fed the all-concentrate diet this 
difference was significant at the P<0.01 level. The actual 
rates of gain of steers fed the 25% straw diets, although 
generally higher, were not significantly (P>0.05) different 
from the predicted rates of gains with the exception of the 
1974-1975 winter steers which grew faster than predicted 
(P207'05.)'. 

While the rates of gain tended to be generally greater 
than those predicted by the California Net Energy System, the 
actual energy gains (Mcal/day) were less (P<0.01) than the 
predicted values in the case of 1974 summer and 1974-1975 
winter steers fed all-concentrate diets (Table 7). The 
daily energy gains for steers fed the 25% straw diets were 
higher than predicted for the 1973 summer (Table 8), although 
notecwanuticantly (P-0.05)) sco. ThejdatarlLomecteer sc yied sar 
1.1 times the maintenance level in the summer of 1973 were 
included in the information given in Tables 7 and 8 and 
ELauces (to <4: 


3.8 Relationship between digestible energy intake and 
liveweight gain 


The relationship between digestible energy intake and 


liveweight gain for the steers fed all-concentrate diets were 
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determined by simple linear regressions and the results are 
presented in Table 8. These equations were derived by using 
a constant value of 78.5% digestibility of energy in the 
all-concentrate diet which was the value obtained for the 

1.4 times maintenance feeding level in both years. The 
relationships show that the 1973 summer steers, 1973-1974 
winter, 1974 summer and 1974-1975 winter steers gained an 
extra 0.08, 0.06, 0.08 and 0.10 g, respectively, of liveweight 
per kg*’° for each additional kcal/kg*’?5 of digestible energy 
provided above maintenance. Steers in the 1973-1974 winter 
thus gained less (P<0.05) and steers in the 1974-1975 winter 
gained significantly more (P<0.05) than those in the other 
two seasons for an equal increment of digestible energy above 


Maintenance (Table 8). 


geo Relationship between “digestible energy intake and venergy 


gain 
There was a high degree of correlation between energy 
gain (kcal/kg *75/day) and digestible energy intake (kcal/kg *’°/ 
day) (Figures 1-4). Regression equations obtained for the 
four seasons were: 
Summer 1973: Y = -48.3 + 0.37X, r* = 0.90, See ieee a 
Winter 1973-1974: Y = -38.1 + 0.32x, r* = 0.79, a 5.96 
Summer 1974: Y = -64.5 + 0.42X, r? = 0.61, Spt een AUDEN! 
Winter 1974-1975: Y = -35.7 + 0.27X, r* = 0.44, Shane 7.99 
where X = digestible energy intake in kcal/kg *’°/day and 
Y = energy gain in kcal/kg ‘*’°/day. There were no significant 


differences (P>0.05) between 1973 summer and 1973-1974 winter- 
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fed steers in terms of the efficiency of retention of digesti- 
ble energy; these steers retained 37 and 323 of their 
digestible energy intake above maintenance respectively, as 
determined by the slopes of the regression equations (Figures 
1 and 2). The 1974 summer fed steers retained 42% of their 
digestible energy intake above maintenance (Figure 3), which 
was Significantly (P<0.05) more than was retained by steers 
in other periods. The steers fed in the 1974-1975 winter 
Wercmrhewleast. (P-0.05) Jeftiolant . retaining only 27% of 
the energy they received above maintenance in body tissues. 
3.10 Estimated maintenance requirements 

The X-axis intercepts calculated from the equations in 
fables gecan be jused to provide anlestimabe sol etuesdigesLible 
energy required by these steers for zero liveweight gain 
(maintenance). These intercepts for the four feeding periods 
were 92 and 128 kcal DE/kg‘’°/day for the two summers and 
IMONS! “ehayel dei roa DE/kg *’°/day for the winters in the two 
years. 

The estimated amounts of digestible energy required 
for zero energy gain were 131, 119, 154 and 132 kcal/kg ‘*’°/ 
CaVeLonel o/s oummei., 1973-1974 winter, 1974 summer and 1974- 
1975 winter,respectively (Figures 1-4). These results suggest 
a somewhat lower digestible energy maintenance requirement 


during winter; which is opposite to what would be expected. 
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DISCUSSION 

Tne chewt9 73-197 48year ithe digestibility of the diets 
tended to be relatively constant at different feeding levels, 
except for the lowest feeding level (1.1 times aaa eee WeN eA) 
in which digestibility coefficients were reduced (Table 4). 

A possible cause for this reduction may have been that a 
nutrient deficiency existed at this feeding level since de- 
ficiencies in protein and minerals have been shown to have a 
depressing effect on the digestibility of the diet (Schneider 
andwebLatc, 1975): 

There was a general trend for the digestibilities of 
dry matter, energy and crude protein to decrease with feeding 
level in the 1974-1975 year. This trend is in agreement with 
observations that the digestibility of feed by ruminants 
. decreases as intake increases (Blaxter and Wainman, 1961). 
The magnitude of depression, while consistent with results 
obtained when cattle were fed roughages, was considerably 
greater than expected for the grains however, since there 
was a drop of approximately 5 digestibility units with an 
increase of 1.0 times maintenance in feed intake level for 
the all-concentrate diet. This compares to reported 1 to 3% 
reduction in digestibility observed with increases in feed 
consumption of 50 to 100% (MacDonald et al, 1969). "A reduced 
digestibility can be explained by a faster rate of passage of 
ingesta which accompanies higher feeding levels (Balch and 


Campling, 1964) and which according to MacDonald et al (1969), 
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results in a shortening of the time the material is exposed 
to digestive enzymes in the tract. 

There was a difference in apparent digestibilities and 
in the change in digestibility with increasing feeding levels 
between the two years (Table 8). There is reason to believe 
that the method used in 1973 was valid and the pens were 
scraped clean since the digestibilities would have been 
higher at lower feeding levels if excreta had been left on 
the floor after the pens were scraped. The difference in 
trends between the two years (Table 4) could be explained by 
a nutrient deficiency at low feeding levels in 1973 which 
would have resulted in a reduction in digestibility at these 
feeding levels (Schneider and Flatt, 1975). Since the 
apparent digestibility of the 1973 diet (excluding the 1.1 
times maintenance feeding level) was significantly higher 
(P<0.05), however, this possibility is unlikely. It is thus 
more probable that the digestibility results obtained in 1974 
and at 1.1 times maintenance level in 1973 had some degree 
of error involved because of the methods of collection used. 
The 1974 animals were restrained individually in stanchions 
throughout the collection period. The latter steers were 
also daily fitted with collection bags and were housed Linea 
barn close to the entrance and the animals were probably 
disturbed each time someone entered the barn. It would thus 
appear that the animals used in digestibility studies in 1974 
experienced disproportionately greater ‘stress' than the 1973 


animals (except those at 1.1 times maintenance level) and this 


| i ’ 
ils bara Role devel mae: is 0 
os ee stanton’ a) wt vin) 
asalied 0% yraeds wk -qeactl 
oes She enl9- bile Hiker « 
pend synod Pibgw ey, | ” 

rip S241 weed. bed, dioske, OF cate e.t? patient sontnl 2h 
‘* eanexaurlt alt ,Serpenay ery ais! at a anate ase 


7 - 


= 
a 


Htc Seer ad al eed pel ieee wed Toy qari ie. bat 
ama we yioralve sos id etna . a tele eh Nese 
“wit esata (2%8 2, amt teed aid ae o (otek ents 

P,4) 94s paki awa) oie i GRR ents “Ge gare Dat one Seangan! 
tutsty vives: Pt owid- me Eoael pelea eonenesekem 
gy) vl 49 aveedfi ee BS yee ithwesu elt .faceten (a0 . 
EL wf \erskdsy. eoigass TA Sisengih, et) Jane of sadoNe Seam 
netwes. amet bud bas ns Deve, e5.26s08 Paee re it de Bane 
Bets notssel iii: Ie atevleey amp 2n. apeoed haw forwsd aouxa 346 
ARs delys> B41 4142 bivions DHA ey Ter eto Bl awl ng ate) : 
mie Grhsty titel eum (Sot enced. teres Kher act vommyoonty 
ons nwt eee wb evel nvisnelblan dyin hes s.% wt So tia he 
etait: erly Hlealed ong dae emits ty) .9% oom ae 
akdi\Dinew I need Rik Means Ramee eoke coutly 
(eh erate, ileal piped drial ahem aes Jee 


59 


may have contributed to the lowering of the digestibility 

of 1974 diets (Church, 1971) as well as to the trend towards 
reduced digestibility at higher feeding levels. The 1.1 
times maintenance steers, housed in individual metabolism 
crates, may have been similarly affected by stress. 

Another and possibly more important reason for lowered 
digestibilities obtained in 1974 digestibility trial may have 
been an inadequate length of the pre-collection period since, 
according to Wiktorsson (1971) a great change in the feed 
ration one or two weeks before the collection period would 
result in lower digestibilities. Wiktorsson (1971), in fact, 
found no decreases in digestibility at high feed consumption 
in animals which were long-term adapted to a diet of crushed 
concentrate (or long hay). In our trials, the 1973 animals 
wenemther actual experimental st cers#and shadmbecnwonmcnemtest 
diet for not less than 12 weeks (6 weeks for the 1.1 times 
maintenance level of feeding) compared to the two weeks of 
‘adaptation' (pre-collection) period provided the 1974 steers. 

There were significant differences (P<0.05) in apparent 
digestibilities of dry matter, organic matter and gross energy 
of all diets between the years (Table 4), being 5 digest- 
ibility units lower in 1974 compared to 1973. The 1974 
barley thus appeared to have a lower feeding value, however, 
as discussed above, other factors could be involved vigh cell eal} 
difference. The similarity of energy digestibilities (78.6% 
vs 78.3%) at the 1.4 maintenance feeding level would, inerach, 


suggest that apparent differences in digestibility may not 
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have been due to the barley. Crude fibre content of 1974 
barley was slightly lower than in 1973 barleyee 5. léavisno.os 
(Table 1), and while crude protein contents were lower also 
(14.5% vs 12.2%), gross energy values were similar for the 
two years, being 4.3 and 4.4 Mcal/kg, respectively. 

4.2 Usefulness of specific gravity technique 

In this study the use of carcass specific gravity 
measurement to estimate energy composition of gain proved to 
be essential. This can be illustrated by the observation 
that steers gaining the most liveweight at the 1.7 times 
Maintenance level of feeding did not gain the most energy 
(Table 5 and 6). 

The carcass specific gravity technique of estimating 
empty body energy content appeared to be more useful for 
fatter animals than for thinner animals since significant 
differences were found in carcass specific gravities between 
steers fed at the 1.7 and 2.0 times maintenance feeding 
levels whereas no significant differences were observed be- 
tween the initial.slaughter group and the steers fed at 1.4 
and 1.7 times maintenance in all the four seasons (Tables 3 
and o peetTherlack Of sigmiticant ditferencesin specitic 
gravity between the thinner groups of steers could be partly 
attributed to the relatively slower accumulation of fat in 
immature animals (Berg and Butterfield, 1976). It has, 
however, also been shown that the specific gravity technique 
lacks precision for leaner animals (Reid and Robb, 1971) and 


this is particularly true for cattle containing less than 
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B0eerate (Gil lMet al; i1970)x 

In this study the average percent fat in the empty 
body of steers in the initial slaughter groups were 163% 
CLO73usummer) , 13% (1973-1974 winter), 17% (1974 summer) and 
14% (1974-1975 winter). One steer in the 1974 summer 
initial slaughter group and three in each of the other three 
Seasons contained less than 14% empty body fat. Several of 
the animals thus fell outside of the range of 14-36% empty 
body fat which was the range in fatness of 48 steers used by 
Garrett (1968) in deriving the equations used in this study. 

Garrett and Hinman (1969) considered the use of six 
animals per treatment to be adequate in using carcass specific 
gravity techniques to estimate body composition. The lack 
of significant differences in carcass specific gravities in 
this study between lean animals fed at different feeding 
levels, however, suggests that either more animals should 
have been included in the groups fed at lower feeding levels 
or that fatter animals should have been used- 

In this study steers tended to gain more weight than 
was predicted on the basis of CNES (Table 7). This’ is’ an 
general agreement with results of a 20-month study with feed- 
lot cattle in Colorado discussed by Knox and Handley (1973) 
and analysis of seven years of monthly feedlot performance 
records by Milligan and Christison (1974) in Saskatchewan, 
who have also shown that liveweight gains tend to be under- 


predicted by the CNES. in neither of these two studies, 
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however, was the actual composition of the liveweight gain 
investigated. 

In the present experiment, although steers gained 
more weight than predicted by the CNES, the actual energy 
gains (Mcal/day) were less (P<0.01) than predicted by the 
same system in the case of 1973 and 1974 summer and 1974-1975 
winter steers fed all-concentrate diets (Table 7). While 
the daily energy gains were higher than predicted for steers 
fed the 25% straw diets in the summer and winter of 1973 
(Table 7), they were not significantly (P>0.05) so. This 
means that the steers in this study tended to deposit energy 
in a less concentrated form than expected for animals in 
California of similar liveweights. The 129 steers used in 
the current study had 20.4 + 9.4 percent empty body fat at 
Slaughter. Similar information is unavailable for steers used 
in the derivation of the CNES; however it is probable that 
the cattle used in California were earlier maturing than 
those used in this study. This would predispose the CNES 
toward underpredicting the weight gains in the steers in 
Alberta if the current experimental animals could be considered 
representative of Alberta cattle. 
4.4 Utilization of energy for gain 

An energy digestibility of 78.5% was obtained at 1.4 
times maintenance in both years. This value was used in 
calculating the efficiency of energy retention (RiIguress 4) 
and in deriving a relationship between weight gain and energy 


intake (Table 8) and is in line with the standard practice of 
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using a constant ME value obtained at one feeding value in 
energy retention experiments. 

@rskov has pointed out that the depression in 
digestibility which occurs with increasing feeding level 
is compensated by decreasing energy losses in methane and 
urine and thus calculated metabolizable energy values based 
on digestibility determined at maintenance would be reasonably 
accurate (Denissov, 1969). Nehring and Schiemann (Rostock 
researchers) have strongly recommended the use of DE coeffi- 
cients which have been obtained at the maintenance level 
(Denissov, 1969). Thus the use of a constant DE value in 
this study obtained at a level closest to maintenance (1.4 
times maintenance) was considered acceptable in assigning 
DE intakes for the steers in examining the utilization of 
energy for gain. 

Efficiencies of retention of energy for liveweight 
and energy gain (Table 8, Figures 1-4) were calculated using 
digestible energy values rather than calculated metabolizable 
energy intakes. In the many trials in which energy reten- 
tions have been measured, ME values have generally been 
obtained by multiplying DE intakes by a constant factor of 
0.82 (NAS-NRC, 1970), which assumes that urinary and gaseous 
losses are a constant proportion of digestible energy. This 
is not correct (Blaxter and Wainman, 1961; Kromann, 1973) 
particularly for high concentrate diets. 

It has been suggested that at low levels of feeding, 


maintenance energy requirements are higher in the winter than 
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in the summer (Smith et) aly 41971 e Noung.) 97 5b)peeebtGehas, 
also been suggested that winter has very AICTE leset tect 
on feedlot performance of animals fed ad libitum (Webster, 
1970) and thus it would appear that energy retention in 
animals on full feed in winter should not be sit@n ue Seetaeiy 
different from that in the summer. If both of these con- 
cepts are valid then the efficiency of energy utilization in 
the winter, as determined from the slope of a regression be- 
tween energy gain and energy intake, will be steeper in winter 
than in summer indicating a greater efficiency of energy 
retention for gain in the winter. This, however, was not 
found to be the case in the present study since non- 
homogenous regression coefficients (P<0.05) (Figures 1-4) 
indicated that steers fed in the 1974-1975 winter were the 
least efficient in converting digestible energy intake 
above maintenance into empty body energy gains and the other 
winter-fed group was the next least efficient, although the 
Patten group did not differ significantly (P<0.05), from one 
of the summer groups (1973). It is thus apparent that either 
maintenance energy requirements of steers at low level 
of feeding were not increased in the winter, or the steers 
at higher feeding levels were adversely affected in the winter 
or, that other factors were more important than environment 
in affecting the apparent efficiency of energy Wide ation aor 
gain as determined in this experiment. 

Garrett et al, (1964) have found differences)» an 
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cattle fed similar feeds in two different environments. In 
their experiment the net energy for gain (NEg) value calcul- 
ated from groups of cattle fed at maintenance and ad libitum 
decreased by 23% when steers were exposed to adverse weather 
conditions, when 21.6 cm of rain te) during the 
latter part of the trial resulting in muddy corrals. These 
conditions were accompanied by an 18% reduction in feed 
consumption from a comparable period before the rains. There 
was thus good agreement between our results and their results. 
Other researchers (Knox and Handley, 1973; Milligan and 
Christison, 1974; Young and Christopherson, 1974) have 

also presented data which suggests. that steers 

fed ad libitum are adversely affected by winter cold. 

The winter-fed steers in the present experiment 
deposited less of their energy in the form of fat than the 
summer-fed steers (Table 6), possibly because of a lighter 
average liveweight in the 1974-1975 winter steers and because 
of a low initial fat content in the 1973-1974 winter steers. 
The percentage efficiency of use of DE intake above mainten- 
ance for liveweight gain (Y) was related (P<0.05) to the per- 
centage of energy retained as fat (X) according to the equation 
Vase G 125 e. Of7 7X0 (r- = 0090) . "There are Geherereporesein 
the literature where a positive relationship between the 
proportion of fat synthesized and the efficiency of use of 
energy above maintenance has appeared (Garrett et al, 1964; 
Bull et al, 1970; Garrett, 1971; Garrett et al, 1976). A 


summary of data does, in fact, suggest that an animal may 
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require 1.5 times more energy to deposit energy as protein 

than to deposit energy as fat (Buttery and Boorman, 1976). 

It has also been suggested that animals synthesizing more 
protein may have a higher maintenance requirement than ani- 
mals synthesizing predominantly fae (Kielanowski, 1976). 

The major factor influencing the efficiency of energy use 

for gain in this experiment may thus have been the type of 
tissue formed. It is thus. difficult to draw valid conclusions 
concerning the effect of environment on the efficiency of 
energy retention from these results. 

Any relationship between efficiency of energy deposition 
and the type of depot tissue formed would mean that a single 
NEg value would not describe the nutritive value of a feed- 
stuff adequately for animals of various weights and at 
various feeding levels. Since low energy feedstuffs tend to 
cause lower average daily gains, and thus a smaller proportion 
of fat synthesis, such a relationship could also explain why 
the NEg valuesof such feeds are relatively low. 

Actual energy retained (kcal/kg*’°/day) for the straw- 
fed steers was 32.9, 28.1, 10.2 and 12.3 for the 1973 summer, 
1973-1974 winter, 1974 summer and 1974-1975 winter steers, 
respectively (Table 6). These values are slightly higher 
than the values predicted from the regression equations de- 
rived for all-concentrate diets (Figures 1-4) of 19.4, 27.8, 
5.6 and 7.8 respectively. This suggests that the addition 


of roughage to the diet may have compensated for any decreased 


efficiency of use of digestible energy which would be 
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expected when straw is fed (WiSCectmal ym LI677anogkins Cieaig 
eo GON). 
See cet SOL ecns0n Onuconpes  ienwolegata 

In this experiment, the summer-fed steers deposited 
more of their energy as fat compared to the winter-fed steers. 
Thus 33-50% of the empty body weight gain in the summer-fed 
steers was in the form of fat and 20-37% of the weight gain 
in the winter-fed steers was fat (Table 6). This occurred 
when actual mean empty body weight gain (g/kg*’*°/day) was 
greater in the two winters compared to the two summers, 
i -oete 220 G VS 643 2 38.5°9, respectively (Tabie*6).= "This 
pattern of gain in addition to being caused by environment, 
could possibly also be attributed to a lighter average live- 
weight in the 1974-1975 winter steers and a low initial fat 
content in’ the 1973-1974 winter steers. ~Kromann et al, 
(1971) found that the body composition of lambs was independ- 
ently influenced by environment and level of energy intake; 
the carcasses of lambs fed high-energy ration in the semi- 
closed barn were 'fatter' than carcasses of lambs kept in 
the open barn. Young (1975a) reported short=term weight 
losses in cattle on exposure to cold and weight gains with 
abrupt removal of cold stress. These changes were found to 
have been associated with changes in water intakes and 
apparent shifts in body fluids, factors that would greatly 
aAbLeCe composition of the gain and could conceivably adversely 


affect the weight gain of cattle in the winter. 
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4.6 Effects of environment on animal performance 

The steers in the present study gained considerably 
more weight in summer of one year (1973) and in winter of 
another (1974-1975) (P<0.01) than predicted by the CNES 
(Table 7). Thus no major effect of environment on the dif- 
ferences between actual and predicted rates of liveweight 
gain was observed in the present experiment; neither did 
environment have any consistent effect on the amount of 
energy retained (Table 8). These results are in contrast to 
studies comparing winter outdoor and indoor performance of 
sheep (Webster et al, 1969) and of steers (Hidiroglou and 
Lessard, 1971) which have shown that the inside (or sheltered) 
animals gained 62% (sheep) and 30% (steers) more in body 
weight than outside (or unsheltered) animals in the winter. 
In a recent study Gonyou (1977) also reported a reduced 
efficiency of steers in an outdoor winter environment as 
compared to indoor steers as measured by average daily 
Viveweightaugain.» «A 16% and) 25tereduction an feedjetficizency 
(tecin etyal, 1963; Bennett and O'Mary, 1965) has been measured 
in cattle kept outdoors vs those kept indoors. No explanation 
is readily apparent for the differences obtained between our 
study and those in the literature. It may well have been 
that the experimental design in this study was not sensitive 
enough to detect differences in animal performance since 
different animals were used for each season and since it has 


been shown above that composition of gain is very important 


in determining efficiency of energy retention (Section 4.4). 
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4.7 Extrapolated maintenance requirements 


Extrapolated maintenance requirements, as obtained in 
this study, must be compared with caution, since any tendency 
towards a curvilinear response in energy retention at feeding 
levels above maintenance, would bias results. No such tend- 
ency, however, could be detected in the present results. 

Extrapolated maintenance energy requirements (x-axis 
intercept) based on energy retentions were higher in the 1974 
Summer season than in the two winter seasons (Figures 1-4). 
Also the steers fed in the 1973-1974 winter appeared to have 
the lowest maintenance requirement (Figures 1-4). There was 
thus no evidence in this experiment for increased maintenance 
requirement of feedlot steers in the winter even though 
animals at low feeding levels supposedly have increased 
maintenance requirements in the winter (Hidiroglou and Lessard, 
1971; Young 1975b). There were, however, many winter days 
during which the mean temperature was above -20°C (Table 2) 
which is considered the approximate lower critical temperature 
below which an animal at maintenance would need to increase 
its heat production and hence its energy requirements in 
order to maintain body temperature (Webster, 1970). Indeed, 
it would appear that there are few days in the average winter 
in Edmonton in which the mean daily temperature is below -20°C. 

It has been shown that the digestibility of energy in 
the diet is reduced in the cold (Young and Christopherson, 
1974; Christopherson, 1976). This would also tend to increase 


the estimate of maintenance requirements. It has, however, 
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also been shown that the amount of energy lost as methane 
also falls at colder temperatures (Kennedy and Milligan, 


1978) and thus, these two factors would tend to cancel each 


other. 


Fak 


SUMMARY AND CONCLUSIONS 

Steers were fed an all-concentrate diet at three or 
four different feeding levels above maintenance in two 
consecutive summer and winter feeding periods to evaluate 
the effect of a cold environment on the application of CNES 
to feedlot cattle. Steers gained more weight than was 
predicted on the basis of CNES even though the actual energy 
gains were less than predicted by the same system, indicating 
that the steers in this study tended to deposit proportionately 
less fat than expected for animals with liveweights between 
243 and 368 kg. No major effect of environment on the dif- 
ferences between actual and predicted rates of liveweight 
gain was observed; steers gained 0.17 + 0.01, 0.03 +0.02, 
0.06 + 0.02 and 0.15 + 0.03 kg per day more than predicted in 
1973 summer, 1973-1974 winter, 1974 summer and 1974-1975 
winter, respectively. Thus the environment did not have any 
consistent effect on liveweight gain. 

The efficiency of retention of digestible energy when 
all-concentrate diets were fed was 32 and 27% for the two 
winter feeding periods and 37 and 42% for the summer periods. 
However, it could not be concluded that energetic efficiency 
was reduced in a cold environment since the summer-fed 
steers deposited more of their energy as fat than the steers 
fed in the two winters. 

The efficiency of retention (%) of the digestible energy 
intake above maintenance in liveweight gain (Y¥) was signifi- 
cantly (P<0.05) related to the percentage of energy retained 


as fat (X) according to the equation: Y = -26.25 + 0.77xX, 
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(r? = 0.90). This suggests that NEg values for feedstuffs 
are not constant (as is assumed in the CNES) but are de- 
pendent on the type of depot tissue formed and thus upon the 
physiological age of the animal and the feeding level. 

No evidence was obtained to indicate increased main- 
tenance energy requirements for feedlot cattle under winter 
conditions in Alberta. Estimated maintenance requirements 
in this experiment were, however, obtained by extrapolation 
from results obtained with steers fed above maintenance. 
Such animals would be expected to be affected by a cold 
environment to a lesser extent than cattle fed at mainten- 
ance. 

Steers provided with approximately 25% of their feed 
intake as wheat straw gained slightly more energy (approx- 
imately 8 kcal/kg‘’°/day) than those fed an all-concentrate 
diet at comparable intakes suggesting that the addition of 
roughage to steer diets was beneficial. The average daily 
gains were approximately 10% more than the values predicted 
by the CNES; however no significant improvement in rates of 
and feed efficiencies due to feeding straw was detected in 
any of the feeding periods except possibly in the summer 
Peclodsot elL9 73. 

The results of this study confirm previous observations 
that the CNES under-predicts liveweight gains in cattle in 


Western Canada. It was also shown that the system over- 


gain 


predicts energy gains. Differences in efficiencies of energy 


retention were observed in this study and were related to 
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Gither the type of depot tissue formed, or the environment 
or both. This indicates that the CNES has some limitations 
under Alberta conditions. Further work is required to more 
specifically determine what these limitations are in order 
to be able to develop more accurate predictions of animal 


performance and to be able to evaluate feedstuffs more 


accurately. 
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Means and standard deviations of feedlot performance 
data and carcass characteristics of six experimental 
steers feeding at 1.1 times maintenance level in 1973 


Summer. 


Means 
Dry matter intake 

(g/kg *7°/day) 38 
Digestible energy intake? 

(kcal/kg °7°/day) 128 
Initial weight (kg) 302 
Final weight (kg) 324 
Daily gain (kg) 0.14 
Daily feed intake? (kg) 3.4 
Feed/gain? ZA 
Warm carcass weight (kg) 173 
Dressing $% 53.4 
Fat depth (mm) aye, 
Rib eye area (cm?) 65.1 


i 


lIstandard deviation. 


2 J e e . . . 
Obtained from measured digestibility coefficients 


at this level. 


5 
As-fed basis. 
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Means and standard deviations of empty body composition 
and gain of six experimental steers feeding at 1.1 times 


maintenance level in 1973 summer. 


Carcass specific gravity 
Initial empty body weight (kg) 
Initial empty body fat (kg) 
Initial empty body energy (Mcal) 
Final empty body weight (kg) 
Final empty body fat (kg) 

Final empty body energy (Mcal) 


Gain empty body weight 
(g/kg’ 7°/day) 


Gain empty coed fat 
(kcal/kg*’°/day) 


Gain empty peo energy 
(kcal/kg’ ’7°/day) 


Energy gain as fat (3%) 


Means S.D.} 
OFT 0.006 
258 Vane 
42 23 
649 35.4 
266 iis hie) 
39 10 7. 
638 Oe 
O.72 ihaley!! 
~1.95 Theat 
-1.06 S252 
-183 


a a a a 


1 e 
Standard deviation. 


APPENDIX TABLE 2 


Means and standard deviations of apparent 
digestibilities (%) of dry matter, gross 
energy, crude protein and organic matter of 
all-concentrate diet offered at 1.1 times 
maintenance level of feeding in 1973 
summer. 


Means Se Dee 
Dry matter 12ea 3.74 
Gross energy 1323 Sh niee} 
Crude protein Tome 6.41 
Organic matter 1625 Bio 


1 
Standard deviation. 
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Analysis of variance mean square and F values for live- 
weight, carcass data and empty body parameters for the 


initial slaughter groups. 


NOULCEVOreerror 
Liveweight (kg) 

Carcass specific gravity 
Warm carcass weight (kg) 
Dressing % 

Empty body weight (kg) 
Empty body fat (kg) 
Empty pede energy (Mcal) 


Empty body energy/kg 
liveweight (Mcal) 


Empty body weight/kg 
liveweight (kg) 


Empty body fat/kg liveweight 
(kg) 


M.S.} 
9734 
0.0001 
3212 
3.288 
5964 
233.4 


37278 


0.141 


0.001 


002 


Pee 
14.29%** 

eee 0 
13.69*** 

0.60 


AN fe Aa Rs 


Mean square value. 


2 
F value 


*Indicates significance P<0.10. 


* 


*K* 


* . e 
Indicates significance P<0.05; 


“tndicates significance P<0.0l. 
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